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The Investigations in CONCEPTS IN SCIENCE 6 


The pupil's textbook contains 54 investigations 
which are integral to the building up of basic con- 
cepts in science. Some of these investigations can 
be performed with the use of readily available 
materials. Others require simple equipment or 
materials that normally are less easy to obt 


ain. 
Classroom Laboratory 6, described fully on p 


ages 
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LEARNED AND UNLEARNED BEHAVIOR 
* Things You Can Do from Birth 


5 
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F-17—18, supplies in conveniently packaged form 
much equipment and materials not usually avail- 
able locally. A listing of the investigations follows, 
with the page number of the pupil's textbook and 
a symbol which indicates that one or more items 
for the investigation are avail 


able in the Classroom 
Laboratory. 


UNIT FIVE MOLECULES IN ACTION 
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Part One: CONCEPTS IN SCIENCE’ Series 


The Teaching of Science : 


A class of sixth-grade pupils was making a tour 
of the school grounds with their teacher to note the 
kinds of machines being used in the construction 
of an addition to the school. With enthusiasm they 
commented on the cranes, derricks, and bulldozers 
that were moving earth and construction materials 
around, As they stopped near some heavy planks 
and a pile of building stone, the teacher said, “I 
can invent a machine with these materials so that 
the smallest one of you can easily lift two of the 
heaviest.” Some of the pupils grinned with dis- 
belief; others were more vocal. Two or three, proud 
and impatient with knowledge, offered the solup 
tion, “You're going to make a lever.” But still tiere 
was skepticism. The teacher selected a stone, ae 
ranged one of the heavy boards over it, asked tw o 
of the larger pupils to stand on the end that was 
nearest the stone, and then selected one of the more 
vocal disbelievers to lift the two pupils. Of course, 
the invention worked. The lever multiplied the 
force of the smaller pupil, as many machines do. 

How do machines work? The pupils returned to 
the classroom, which was now a laboratory. There, 
during the course of a number of days, they made 
models of different kinds of machines, investigated 
how they multiplied force or changed the direction 
in which the force was applied or increased speed. 
They invented variations on machines that would 
multiply the force of muscles and they combined 
them. They performed mathematical calculations 
and arrived at certain relationships. At one point, 
the teacher connected a coil of wire to a dry cell, 
inserted an iron spike, and picked up a pile of steel 
tacks. From there the cl proceeded to study how 
inventive persons who understood concepts of 
science found ways to substitute other sources of 
energy for man’s muscles. During all these investi- 
gations the pupils tested their understanding. They 
collected and recorded data. They used books to 
check their observations. They interpreted their 
data and exchanged views of their interpretations. 


They were, in short, engaged in the processes of 
science. They were also engaged, as we shall see, 
in the process of concept-seeking and concept- 
forming. And they were also using their minds to 
invent ways to use concepts in doing the world’s 
work. 

Now, none of what was done in this school yard 
and classroom will seem unusual to the imagina- 
tive teacher. What is of consequence to teachers 
and curriculum makers (and writers) is that such 
experiences should not become merely isolated 
parts of teaching science, that indeed, in the teach- 
ing of science, there should be a structure that is 
sound in itself. What the teacher was doing with 
the lever in the school yard and in the classroom 
was to use technology (in this instance, a lever and 
fulcrum) to create a situation through which 
children discovered concepts of science. We pre- 
‘fer to say that a good teaching program uncovers 
the concepts of science. Piaget's classical state- 
ment on this subject amounts, eventually, to this: 
the teacher creates situations through which 
children discover structure. By “structure” he 


meant relationships or likenesses among objects 
and events. A concept is a grouping of relationships, 
of likenesses, which explains objects and events in 
the world about us. Each of us tends to uncover the 
relationship at some particular time, but of course 
the relationship had been operating in the world 
before we came on the scene, A concept is new only 
to scientists, or to us, or to the children. The 
teacher’s art lies precisely in the cre 
tions through which children une 
This appears to be a plain 
but of course there are 


ating of situa- 
over concepts. 
and clear prescription, 


some extremely complex 
problems confronting the teacher, 


There is 


obviously, the weight of the teacher's 
responsibility in teaching science today. In the 
second half of the twentieth century, children 
born in a science-oriented world, in 
puts an extraordinary pre 


are 
>in a culture that 
mium on scientific thought 


and on scientific production. It is sensible to pre- 
dict that most jobs in the future, including that of 
teaching, will call for scientific orientation of one 
degree or another. Contemporary-minded teachers 
must teach science because society demands it. 
Helping children to undertake a progressively more 
sophisticated intellectual activity is a central 
function in teaching, and creating productive situa- 
tions—that is, the learning environment—is the 
teacher's day-to-day responsibility, It is, in many 
respects, an awesome one. Which situations—of 
all the countless ones that might be created—is 
the teacher to select? How is she to cope with the 
incredible diversity of scientific information, and 
indeed, with the diversity of children themselves? 

From the time children are born, they watch, 
smell, feel, and listen: they are sentient to the ob- 
jects and processes of the world. What they know 
largely derives from their senses and from their 
perceptions and from the number and kinds of 


se, from many kinds of experi- 


ences vary in both kind 


children begin school with t 
with the s; 


sc rly 
criptive) way and at a pace 
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encyclopedia every twenty-four hours. Quite ob- 
viously, unless an attempt is made to evaluate, to 
select, and to sort new information into some kind 
of structure for the classroom, teachers will fall 
further and further behind. There is, moreover, the 
necessity to recognize that scientific know 
while it proceeds from facts, 
mastery of facts. Facts become 
awareness of facts ultimate 
when they are 
basic concepts. We may modify George Gaylord 
Simpson’s definition of science slightly. Science is 
the exploration of the material universe for the 
purpose of seeking orderly explanations of objects 
and events, explanations that must be testable. The 
products of science—which are its orderly expla- 
nations and the technology that results from the 
particular application of them— 
certain processes. The Processes comprise, first, 
the observation and examination of dat 
experimentation; second, the formulation of expla- 


nations by means of inventing hypotheses and 
stating theories; and third, the te 


ledge, 
is not in itself the 
meaningful, and the 
ly becomes productive, 


a, including 


sting of the ex- 
planations. But the product of all this, the ex- 
planations, leads inevitably to other explorations 


and still other explanations. 
science, but there is noe 

In their activity, 
seeking and in cone 
course, in concept- 
of scientific inquir 
they are engaged 
plore the materi 
observe an obje 
observe a b 
through the 
of the obj 


There are ends in 
nd to science itself, 

scientists engage 
ept-forming, and 
testing. This is clearly a function 
y. But what do children do when 
in scientific activity? They ex- 
al universe (observe a plant grow, 
ct move down an inclined plane, 
alloon that has been untied shoot 
air) and they seek order] 


in concept- 
as a matter of 


experiment ( 
diffic stude 

ifficult for stud an experiment in 
all the variables are 
They verify the data obtained 
and they see 


perceived within the structure of 


are the results of 


Identifying the basic concepts of science is not 
the discrete task of the teacher. The teacher has 
the right to expect that she will be given help in 
identifying concepts and in forming a structure 
for the teaching of science, and this is a shared re- 
sponsibility that the Concepts in Science authors 
and publisher, and the scientists and teachers who 
have advised them, have accepted. They recognize 
that school is time-binding, that work goes on in a 
certain time span—grades, terms, years—and that 
many teachers share in the development of each 
child. They know that a teacher must have a notion 
of what school experiences children have had be- 
fore they come into her ken, as well as what will 


follow once they leave her. The need for a cur- 
riculum in science which gives the teacher scope 
and flexibility is plain enough; what is sometimes 
not so plain is the need for a curriculum that has a 
scientifically sound and pedagogically sound struc- 
ture. We have attempted to give structure to the 
teaching of science during the first nine vears of 
schooling by informing the processes of science 
with an understanding of the concepts. We have, 
in short, sought to identify and define a structure 
that is not only verifiable scientifically but also 
viable (practical, productive) in teaching. The con- 
ceptual approach is central, in our view, to both 
aims, both to sound science and sound teaching. 


A Modern Science Curriculum 


Early in the twentieth century the school cur- 
ticulum in the United States tended to be content- 
centered, or disciplinary. During the twenties and 
thirties this curricular approach gave way to a so- 
called child-centered approach; the emphasis was 
shifted—this is overstated for purposes of simplifi- 
cation—from the subject to the learner. Today, still 
another shift is occurring as content is being placed 
in a stronger and more relevant role in the curricu- 
lum. More and more the emphasis is placed on the 
interrelationship, more specifically the interaction, 
between the discipline and the pupil in the learn- 
ing act. Again with some oversimplification, the 
Contemporary curriculum can be said to be process- 
Centered. Certainly this is apparent in science 
teaching, and the advance of this kind of curricu- 
lum has been most directly aided by the involve- 
ment of scientists in the elementary and secondary 
Schools, They have been enormously helpful in 
Proposing a teaching structure for the early school 
years of science study. 

Within the various disciplines of science— 

iology, chemistry, physics, geology, etc.—data 
accumulate and change at a bewildering rate. 
hange is constant. Yet the concepts of science— 
which are a patterning of facts and a statement of 
the relationships between observable events and 
arg relatively stable. In a changing world, 
K ic. offer, for this and other reasons, a reason- 
oundation for the building of a science cur- 


riculum. They are, in a true sense, guides as well 
as aids to learning. 

All of us have the task of sorting out events that 
come to our awareness in haphazard sequence. All 
of us*have the task of discovering which of the ob- 
jects and events we perceive are significant and 
which are not. To bring order out of our haphazard 
perceptions, we tend to seek a grouping of like- 
nesses among a number of objects and events per- 
ceived; in short, we tend to seek concepts. To form 
a concept, we assort or group objects and events 
according to their attributes and properties, and we 
define categories. An example of what is meant by 
the “attributes” of an object or event will be useful. 

A stone has shape, color, weight, and the like; 
these are some of the attributes of a stone. A bird 
also has shape, color, weight. Yet there are other 
attributes of the stone—for example, immobility 
and hardness, which we recognize as part and par- 
cel of “stoneness.” A bird, on the other hand, has 
mobility, it has feathers, it has egg-laying propen- 
sities, and it has a certain structure (from beak to 
tail)—these and other attributes we recognize as 
essential to “birdness.” In forming a concept, the 
brain selects those essential attributes (those which 
discriminate one object from another) which signal 
the whole configuration of the object or event. Thus 
the weight of an object is generally not an essential 
or discriminatory attribute; an attribute of a weight 
of one pound might apply to a one-pound chicken 
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or a one-pound stone. But “feather” or Bi a is a 
signal, or cue, for categorizing or concept: re 
It is a signal of the whole concept of birdness ai 

it enables us to fill in certain other essential at- 
ie learning, the act of concept-forming en- 
ables an individual to infer; from a few signals or 
cues he can infer a significant grouping, or category, 
of like attributes. These signs or cues can be related 
to objects (stones, birds, simple machines) or to 
events, such as the changing of one form of energy 
to another (for example, the friction of the hands 
resulting in heat, or the reproduction of organisms, 
or the splitting of an atom). A specific example in 
the teaching of a concept, in developing the ability 
in children to group the like attributes of an event, 
can be given here. Suppose we wished to create 


situations through which children would uncover 
the events that can be groupe 


The amount of energy gotte 
not exceed the energy put into it. This is precisely 
the objective of Units Four to Six in Conce 
Science 6. A series of lessons 
sequence in which situations ar 
children come to associate an 
butes of this concept: The 
out of a machine doe 
into it. Even if pupils 
investig: 


d within the concept: 
n out of a machine does 


pts in 
is organized in a 
e created whereby 
entire set of attri- 
amount of energy gotten 
s not exceed the energy put 
were to perform only the 23 
ations in these three units, they would be 
selecting attributes of machines. This woulde 

them, in turn, to predict a transfer of energy from 
One signal, say, water turning a turbine, But the 
text suggests activity after acti 
force with a ley 


nable 


er, changing its direction with a 

g speed with a wheel and axle, 
using the kinetic energy of molecules, and gener- 
ating electric current. All these are obs 
S you would care to e 
w for a fuller explanatio 
the text assists the teacher in cre 
through which children eng 
and concept-formation, But, of course, the text is 
only part of a very rich program of s ience in which 
process is central (see pages F-16—18), 
In brief definition, then, a 
construct; it is a grouping of the common elements 
or attitudes shared by certain objects and events, 
Once a concept is att in future 
learning is also att: ng in the 


er is active 


xamine one 
n of the way 
ating situations 
age in concept-seeking 


concept is a mental 


ained, economy 
ained. For by engagi 
t-formation, the learn 


in selecting the essential attributes of the complete 
event, such as “the amount of energy gotten: out 
of a machine does not exceed the energy put into 
it.” And the learner is able to predict an entire 
sequence of events, or an entire set of character- 
istics or properties, from a small number of cues 


> 5 a re aae 
or signs. Thus an increase in heat or the ringing 
of an electric bell in a circuit is a cue signalizing 
an entire event. 


Defined in other words 
inferences ste 
and eve 


»a concept is a network of 
mming from observation of objects 
nts, resulting in the selection of common 
attributes among the objects and eve 
servation. Identifying 
attributes 


nts under ob- 
and organizing the common 
results in a significant category or 
grouping. That significant category is a concept. A 
concept is practical and useful because the 
tion of a small number of attribute 
brings the whole object or ev 
recognition. To repeat, an increase in heat brings 
to mind the object (the molecules in motion) and 
the event (the release of kinetic energy) 
we are teaching children 
group experiences 
teachers to plan th 


percep- 
S, cues, or signals 
ent into satisfying 


Because » it is well to 
in a way which will enable 
eir work sequentially. Hence 
we have ordered the concept structure of the cur- 
riculum you have in hand. It provides for small 
blocks of experiences, dealing with objects and 
events with similar attributes which young children 
can handle. We have attempted, moreover, to de- 
velop a curricular structure which bears some cor- 
respondence to the school year, day, and period. 
Further, for Purposes of readier facility in plan- 
ning the work of the first six ye 
school, we have grouped a given 
under a still larger c: 
ceptual scheme. 
Conceptu 


ars of elementary 
series of concepts 


ategory which we call a con- 


al schemes 

amework within which 
experiences that wil] le 
in the Processes of scie 
interpret 


provide, we 
the teacher c 
ad students to 
nce—in observ 
erge with the 


believe, a 
an provide 
participate 
ation and in 
products of 
dle explanations of the 


is seems to be a 
i P $ publisher have 
Spent eight years in the Preparation 
organization and i 


of the curricular 
ater i ` program. They 
have tested their prog 


ance during hundreds of 
ms. It is their belief that 
is a feasible one that will 


ation—and em 
science, which are 
workings of the m 
large order. It is. 


classrooy 
Pproach 


produce excellent results. In an ultimate sense, 
their aim is to help the teacher produce an inter- 
action between discipline and student, between the 
subject and the learner. For this reason, content is 
never skimped. For each grade there is a hard core 
of content or subject matter that exceeds more than 
even the bright child will be able to encompass in 
the time he is generally allowed. 

What has been done in this program, then, is to 
lay out a framework of conceptual schemes through 
the first six years of schooling. The framework is 
capacious. It does not fix the teacher or the student 
into an inflexible curriculum. On the contrary, it 
gives the teacher freedom to plan a variety of ex- 
periences and it gives the student freedom to plot 
his own experiences. In both instances, however, 
the experiences will be ones which are relevant to 
a search for meaning rather than for the random 
acquisition of facts. In a real sense, understanding 
is made simpler for children when they are able to 
conceptualize—to see patterns in their environ- 


ment, to group objects and events on the basis of 
their common elements. A program that accom- 
plishes this is essentially an economical one, 
economical in the time that is spent in learning. 
Because, as has been said earlier, concepts remain 
relatively stable, concepts provide an organization 
of information that is relatively stable. New ob- 
servations, new data, variant experiences can all 
be fitted into the conceptual framework.? 
Teachers in St. Mary’s County, Maryland, have 
been experimenting successfully with an ele- 
Mentary science curriculum based on conceptual 
Schemes. Their course of study, initially developed 
Y a curriculum committee, is now in its sixth year 
of development. Similar courses of study have been 
developed by other schools and school systems, 


Particularly the Nova School, Fort Lauderdale, 
Florida, 


If we interpret the psychology of learning (so far 
as it has advanced, which admittedly is not far 
enough!) with any degree of acuity, then we assume 
that it is important for children to learn in “wholes. : 
In this sense, concepts are “wholes.” Moreover, if 
We accept the definition that education should re- 


ioe See A Study of Thinking by Jerome S. Bruner, 
go eline J. Goodnow, George A. Austin, John Wiley & 
>ons, Inc., New York, 1956. 


sult in a change of behavior in the student, then an 
understanding of concepts will provide a person 
with intelligent means of deciding among alterna- 
tives. The conservation of natural resources; the 
support of public health programs; the questions 
of population growth; the fallacies in ethnic dis- 
crimination—all these are civic and social matters 
that confront a contemporary person. He is better 
able to judge what he perceives, and better able to 
support what he believes, when he understands the 
basic scientific concepts. The teaching of science 
ought to do more than dispel ignorance and super- 
stition; it ought to help provide means by which a 
human being can comprehend what is today known 
but still unseen or still not widely operative, Ex- 
ploration of the moon is a certainty, even though it 
has not yet happened. 

The Concepts in Science series is an elementary 
science curriculum which attempts to reflect com- 
monly accepted and basic ideas of contemporary 
scientists, cognitive psychologists, and teachers. 
It is a systematic organization of instructional ma- 
terials. It is also a laboratory-centered program. The 
framework of six conceptual schemes provides a 
learning sequence that is shown, in broad outline, 
on the chart on pages F-14 and F-15. The sequen- 
tial development is represented on the chart as hori- 
zontal threads called concept levels, which increase 
in complexity as one advances from one level to the 
next. 

The National Science Teachers Association Com- 
mittee on curriculum development, in “Theory in 
Action,” ° suggests seven conceptual schemes. 
The Committee agrees upon twelve statements. 
Seven of these statements discuss conceptual 
schemes, and five of them describe the process of 
science as the base for science curriculum plan- 
ning. In the Concepts in Science series. the con- 
cepts have been grouped under six conceptual 
schemes, but the differences between this organi- 
zation and that of “Theory in Action” is not sub- 
stantial or finally consequential. The 
suggest that the content of the science ¢ 


authors 
urriculum 
could be arranged in an orderly structure under 
conceptual schemes in a way that effec 
in organization, time, and effort. 


six 
ts economy 


° Published by the National Science Teachers Associa- 
tion, 1964. 
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A Comprehensive Program 


The major conceptual schemes can be stated in 
somewhat arbitrary terms; no doubt, different 
teachers will state them differently. Certainly they 
would be stated differently for the scientist- 
specialist than for the elementary-school teacher, 
who of necessity teaches not only science but 
English and social studies. Certainly the state- 
ments may be modified and restated under different 
conditions, with different pupils and in different 
schools. Yet the authors have chosen to state the 
conceptual schemes in terms that can be used 
throughout the particular content and activities in 
the Concepts in Science series. 


A Framework of Conceptual Schemes 


The conceptual schemes and the general areas 
they subtend are: 


1. When energy changes from one form to an- 


other, the total amount of energy remains un- 
changed. b 


Energy transformation is a common phenome- 
non. If you rub your hands, mechanical energy is 
converted to heat energy. If you burn a candle, 
chemical energy is converted to heat a 
in a dry cell, chemi 
electric ener: 
burning oil i 


concern in the discipline of physics. 


2. When matter ch 
other, the total am 
changed. 


The world of 
from th 


anges from one form to an- 
ount of matter remains un- 


matter consists of a world of things, 


ars, planets, moons, 
—to the very small 
ules, and subatomic parti- 
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3. Living things are interdependent with one 
another and with their environment. 


Around living things everywhere, there exists 
an environment of matter and energy; indeed, 
living things cannot be considered apart from 
their environment. Plants depend upon their en- 
vironment for their growth and development. 
Green plants capture energy from the Sun in the 
photosynthetic process; animals, in turn, transform 
the chemical energy of plants. And finally, all 
plants and animals yield their m 
as they die and decay. In addition, the demands of 
living in a given environment result in a rel 
ship between plants and animals in communities 
that” display definite characteristies—deserts, 
forests, seas, ponds, ete. For example, the sea is 
an environment in which ninety percent of the 
world’s photosynthesis t. ace, where complex 


food niches and intricate repro- 
ductive cyc] Understanding these in- 
terrelationships results in our ability to predict, 
within limits, the behavior and development of 
plants and animals, The conceptual scheme that 
describes them is a part of the study of biology. 

4. A living thing is the Product o 
and environment, 


atter and energy 


ation- 


akes pl 
are developed, 
es operate. 


f its heredity 


one can develop 
ives in a kind of 


redit: : 
any Specific trait. This is also important to compre- 
hend ina human being’s i full physical 
development and vigorous health, Other examples: 
A red barberry is greenish unless e 
strong sunlight. 


xposed to 
An intelligent child nee 


B may develop beriberi. 
k is attenuated. 
y housed does not 


environment—is involved in this conceptual 
scheme, which is the concern of several sciences: 


genetics, physiology, and biochemistry. 
5. Living things are in constant change. 


The universe changes; the Earth changes; the 
single organism and the species change over the 
ages. The concepts of adaptation over the ages, 
divergence in form, convergence in geographical 
isolation, and evolution are within the purview of 
this conceptual scheme, which involves genetics 
and ecology. 


6. The universe is in constant change. 


Every child today seems to know that the solar 
system is changing. Certainly the earth s atmo- 
sphere is constantly shifting. The Earth is in con- 
stant motion; the Sun is in constant eruption. We 
note the appearance of novas and supernovas. We 
observe and gain evidence from Cepheid variables. 
We interpret the red shift in starlight to indicate 
an expanding unive in constant change. The 
change in the universe comprises a conceptual 
scheme that is the primary concern of geology, 


astronomy, and meteorology. 


A Developmental Structure of Concepts. Ex- 
bectedly, as the concepts in science are selected 
to fit the purposes of instruction in the elementary 
school, they seem to group themselves easily. The 
rationale is this: first, concepts should fall easily 
into a particular conceptual scheme; second, they 
should be ordered from the simple to the complex. 
“Simple” is used here in the sense that the ex- 
beriences provided should be simple. Young chil- 
dren do not deal with a complexity of cause and 
effect, that is, with multiple variables. For ex- 
ample, it is fairly easy in the second grade or level 
to deal with the concept related living things re- 
produce in similar ways. On the other hand, the 
Concept the characteristics of a living thing are 
laid down in a genetic code requires that we make 
available more complex experiences which are 
appropriate at higher levels. All this is not to imply 
that some children cannot deal with more complex 
Structures even while the norm for a class is said 
to be a concept development at a lower level. A 
Particular advantage of a conceptual structure in 
the curriculum is the provision for extended or 


accelerated growth in individual children. For 
instance, if a child seems to understand a concept 
at a higher level of complexity than his classmates, 
the teacher can determine the level of under- 
standing by asking appropriate questions at a lower 
concept level (pages F-14—15). If a sufficient num- 
ber of children are able to deal with a higher con- 
cept level, procedures may then be modified. 

The organization of a curriculum in terms of con- 
cept levels accommodates its own “multiple track- 
ing.” As a result, it is possible to have groups, or 
even individuals within the same class, proceed at 
different rates up the concept “rungs” of the con- 
ceptual “ladder.” They can engage in experiences 
which are appropriate to their level of understand- 
ing, and at the same time communicate with groups 
at other concept levels. In other words, they are all 
on the same ladder, if on different rungs. In any 
event, a teacher will certainly wish to know the 
entire conceptual structure. The structure for Con- 
cepts in Science 1-6 is charted on pages F-14—15, 

The concepts which form the rungs of the con- 
ceptual ladder can be stated in various ways, but 
the central purpose is to organize them in graduated 
order so that understanding of one (in a lower level) 
precedes the next for purposes of greater compre- 
hension and utilization. There is some danger, 
we believe, in stating a conceptual scheme (or even 
a concept) by a single term (for example, energy, 
matter, life). However convenient this may seem, 
such easy rubrics may have the effect of limiting 
the implications of this approach to science study. 

Now, the structure for science in the first six 
grades of the elementary school, here given as six 
conceptual schemes, with the concepts given at 
six levels (not necessarily grades), is purely for 
convenience and custom. The levels, until research 
proves this unwise, are in a rough order of prece- 
dence. Naturally, each concept has a number of 
subconcepts; the development of subconcepts de- 
pends on the judgment of the teacher. 

The essence of science is investigation of the 
material universe. Its goals consist of a search for 
meaning; indeed Albert Einstein once defined it 
as experience in search of meaning; it seeks orderly 
explanations (conceptualizations) of phenomena, 
the objects and events about us. Nevertheless, 
there is stubborn insistence by scientists that an 
orderly explanation be testable. If a concept is not 
testable, it is usually not acceptable. Science is, in 
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A STRUCTURE FOR 


CONCEPTUAL SCHEME A CONCEPTUAL SCHEME B 


CONCEPTUAL SCHEME C 


When energy changes from one 
form to another, the total amount 
of energy remains unchanged. 


When matter changes from one 
form to another, the total amount 
of matter remains unchanged. 


Living things are interdependent 
with one another and with their 
environment. 


The amount of energy gotten | In nuclear reactions, a loss | Living things are adapted by 
CONCEPT out of a machine does not ex- | of matter is a gain in energy; | structure and function to thei 
reve ceed the energy put into it. the sum of the matter and en- 
VI 


environment. 
ergy remains constant. 


Energy must be applied to 


In chemical or physical The capture of radiant energy 
CONCEPT produce an unbalanced force, changes, the total amount of by green plants is basic to 
a resulting in motion or change 


matter remains unchanged, 


the growth and maintenance 
of motion. 


of all living things. 


CONCEPT A loss or gain of energy | In chemical change, atoms Living things capture matter 
LEVEL affects molecular motion. 
WV 


react to produce change in the 


from 
molecules, 


the environment a 
return it to the environment 


CONCEPT 
LEVEL 
Mt 


The Sun is the Earth’s chief 
source of radiant energy, 


Matter consists of atoms and 


There are characteristic en- 
"1 . . y 
molecules. vironments, each with thei 


characteristic life, 


CONCEPT 
LEVEL 
i} 


Energy can change from one 
form to another. 


A change in the state of matter 


is determined by molecular 
motion, 


Living things depend on thei! 
environment for the condi- 
tions of life, 


CONCEPT 
LEVEL 
l 


Energy must be used to set 


an object in motion. There are 
many forms of energy. 


Matter commonly exists as Living things are affected bY | 
solids, liquids, and gases, 


their environment. 


CONCEPTUAL SCHEME A 


CONCEPTUAL SCHEME B 
When matter 
form to anoth 
of matter rem 


When energy changes from one 
form to another, the total amount 
of energy remains unchanged. 


CONCEPTUAL SCHEME C 


Living things are interdependent 
with one another and with thei 
environment. 


changes from one 
er, the total amount 
ains unchanged. 
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CONCEPTS IN SCIENCE 


CONCEPTUAL SCHEME F 


The universe is in constant 
change. 


CONCEPTUAL SCHEME D CONCEPTUAL SCHEME E 


A living thing is the product of 
its heredity and environment. 


Living things are in constant 
change. 


Nuclear reactions produce the 
radiant energy of stars, and 
consequent change. 


Changes in the genetic code 


The characteristics of a living 
produce changes in living 


thing are laid down in a ge- 
netic code. 


things. 


Bodies in space (as well as 
their matter and energy) are 
in constant change. 


The cell is the unit of struc- | Living things have changed 
ture and function; a living 
thing develops from a single 
cell, 


over the ages. 


The motion and path of 
celestial bodies are predict- 
able. 


The environment is in con- 


A living thing reproduces 
stant change. 


itself and develops in a given 
environment, 


There are seasonal and annual 
changes within the solar 
system. 


Living things grow and de- 
velop in different environ-, 


ments. 


ail. things are related 
through possession of com- 
mon structure. 


There are regular movements 
of the Earth and Moon. 


Forms of living things have 


Related living things repro- i 
become extinct. 


inata cert 
uce in similar ways. 


There are daily changes on 


There are different forms of 
Earth. 


living things. 


Living things reproduce. 


CONCEPTUAL SCHEME F 


CONCEPTUAL SCHEME D CONCEPTUAL SCHEME E 


The universe is in, constant 
change. 


Living things are in constant 
change. 


n, Ming thing is the product of 
heredity and environment. 


CONCEPT 
LEVEL 
vl 


CONCEPT 
LEVEL 
v 


CONCEPT 
LEVEL 
Iv 


CONCEPT 
LEVEL 
ul 


CONCEPT 
LEVEL 
ul 


CONCEPT 
LEVEL 
| 
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short, the “art of investigation” (Beveridge’s term). 
But one cannot investigate an object or event if the 
object or event is not first perceived. 

This book is literally a sourcebook of situations 
in which children participate and perceive objects 
and events. In creating a learning situation, chil- 
dren are given opportunity to seek the attributes of 
objects and events and to seek hidden likenesses. 
In the situation described on page F-7, the sixth- 
grade children engaged in these processes: they 
observed the working of a lever; they investigated 
the relationship between machines and forces; they 


collected relevant data; they described the opera- 
tion of the lever and other simple machines; they 
discussed their results; they confirmed one an- 
other’s results (through collaborating in an investi- 
gation); they read the work of scientists; they 
invented and then reported their results in a kind of 
colloquium. Note the processes: observation, in- 
vestigation, collection of relevant data, description 
of results, discussion of findings, confirmation of 
findings, reading the work of scientists, exercising 
inventiveness, reporting of work, and within limits, 
experimentation, among other processes. 


RESOURCES FOR A COMPREHENSIVE PROGRA 


The structure of science and the processes of 
science yield knowledge and they yield under- 
standing but at no time could they exist without the 
materials of science—materials which provide the 
media for investigation, whether the investigation 
involves reading a textbook or carrying out a sophis- 
ticated experiment in the laboratory. The materials 
for Concepts in Science include the facts of science 
as well as the tools of science. These materials 
come in the form of reading matter, illustrations, 
manipulative objects, laboratory guides, testing 
instruments, and other aids to teaching. 

The Concepts in Science series provides the 
whole range of suitable materials for Grades 1-9. 
It includes basic textbooks for the child, each ac- 
companied by a Teacher's Edition for Grades 1-6 
(a separate Teachers Manual for Grades 7-9); 
Workbooks for Grades 4-9; packaged equipment 
for Grades 1-6 called Classroom Laboratori ; indi- 
vidual investigation cards called 100 Invitations 
to Investigate; and Teaching Tests. There are, 
moreover, books available for the teacher. 


TEXTBOOKS 

Each book in the Concepts in Science series is 
organized to accomplish efficiency in the learning 
process. Each book is designed to create an atmo- 
sphere of discovery in concept development; to 
stimulate personal involvement; to maintain sharp 
curiosity; and to lay a firm basis for intelligent 
action and independent inquiry. The processes of 


science, as well as its products, are emphasized 


F-16 


and yet interrelated as the pupil participates in the 
act of learning. Each book is illustrated for visual 
interpretation of objects and events that may or may 
not be a part of the pupil’s everyday experience. 
While the full-color photographs and drawings 
enhance the visual quality of the textbooks, they 
serve the important function throughout the pro- 
gram of training children to observe with dis- 
crimination the pictorial representations of their 
physical environment. Many of the photographs 
are of actual performances by pupils and experi- 
enced teachers in the classroom, 
Each book contains an abundance of investiga- 
tions to help develop the main concept of a section. 
As’ the investigations are self-contained and self- 
explanatory, except in Concepts in Science 1 and 2 
where the directions are given by the teacher, little 
discussion of the investigations is given other than 
to suggest possible pitfalls and to advise on the 
most profitable time during the lesson to undertake 
the Investigation. Actual photographs illustrate one 
trial investigation. Since the text does not tell what 
happens, the photographs serve as guides for the 
pupil; but the pupil must observe for himself and 
In addition to the 4 Se VESS andl ala 
: e investigations that are found 
at strategic points within the sections, there are 
open-ended” investigations at the ends of the 
sections as well as at the ends of the units, Each 
investigation is an extension and addition to the 
Pupils’ initial concept formation. Furthermore, 


these additional investigations point up the fact 
that many trials are necessary to establish and con- 
firm results of one investigation. End-of-book sec- 
tions, which progress in difficulty from book to 
book, stimulate individual investigation that is 
relatively complex in observation and experience. 

Each book in the Concepts in Science series 
features cumulative concept reviews and evalua- 
tions which enable the pupils to test their under- 
standing of aconcept. These reviews enable pupils, 
moreover, to apply their understanding to new 
situations, to hypothesize solutions to a variety of 
problems, to recognize relationships among con- 
cepts, and to infer relationships among conceptual 
schemes. At every step of the way the pupils are 
provided with experiences which help them find 
unity among diversity, to achieve order out of dis- 
order in the objects and events of the world around 
them. 

Concepts in Science builds a precise science 
vocabulary. Throughout the program, provision is 
made for growth in vocabulary as it specifically re- 
lates to science. In Concepts in Science 1 and 2, the 
teacher is encouraged to introduce new words ona 
science vocabulary chart to be displayed in the 
classroom. These same words are listed in the back 
of the child’s text for his individual use. In Con- 
cepts in Science 3-6, key words are introduced in 
boldface type and repeated, with page references, 
in the glossary. Definitions increase in depth and 
extension of meaning from book to book. ; 

The reading vocabulary has been carefully con- 
trolled for the grade level throughout the program, 
with due attention to the adequate presentation of 
technical vocabulary necessary to understanding 
concepts in science. In Concepts in Science 3 and 
4, a pronunciation-at-sight system is used; and in 
Concepts in Science 5 and 6, a standard system of 
diacritical marking is used. 


TEACHER’S EDITIONS 

The Teacher’s Editions to accompany the Con- 
cepts in Science textbooks are organized for maxi- 
mum teaching effectiveness. They contain the 
background information that teachers need to 
me a unit with confidence and enthusiasm which 
eliminates, for the most part, the necessity for 
further research on the part of the teacher. The 
Conceptual structure of the curriculum is outlined 
clearly, and carefully selected activities and ex- 


periences are prescribed and described as effective 
means of concept development. 

A comprehensive teaching pattern is apparent in 
each of the teacher’s editions and is analyzed in 
detail in Part Two of the introductory material in 
each book. For this book, see pages F-19—23, 


CLASSROOM LABORATORY 


The classroom for science should resemble a 
laboratory in which children actively work with 
objects at their own desks or tables, individually 
and in groups, observing, rearranging, manipulat- 
ing, investigating, experimenting, testing, and dis- 
cussing findings and inferences with one another, 

The Classroom Laboratory for the Concepts in 
Science series is a practical way of converting an 
ordinary classroom into a classroom laboratory. 
There is one each for Concepts in Science 1-6 
which is designed to fit the needs of the science 
curriculum by providing the materials and equip- 
ment for pupils to experience science in the class- 
room. It is built around the concepts of the science 
curriculum; it anticipates and solves the problems 
of classroom management, and is designed to be 
used by the entire class. 

While an entirely optional part of the Concepts 
in Science program, the Classroom Laboratory 
deals with investigations that give pupils the 
opportunity to uncover the science concepts that 
are developed in the basic textbooks. Part II of 
the Teachers Manual which accompanies the 
Classroom Laboratory is keyed by page number to 
the pupils textbook. Similarly, the Teacher's 
Editions are keyed to the Classroom Laboratory 
so that a teacher will know at once if materials are 
provided for an investigation in Concepts in 
Science 1-6. Part III of the Teacher’s Manual for 
each Classroom Laboratory provides for additional 
investigations that enrich the child’s experiences. 

Each Classroom Laboratory is accompanied by a 
Teacher’s and Pupil’s Instruction Manual. 

To provide opportunities for an entire class to 
experience the processes of science, the equipment 
and materials are supplied in multiples of six, ex- 
cept in the case of certain types of equipment for 
which one item is adequate for the experience of 
all the children. A class of 30 pupils, for example, 
may be divided into six groups of five pupils, with 
each group performing the same investigation, 
There are also materials for the performance of 
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numerous individual activities which may be used 
as teacher or committee demonstrations. Further- 
more, the laboratory is so organized that it is possi- 
ble to find any required materia) within a few 
moments and to return it easily to its proper place 
for future use. Many items are also useful for the 
activities in the workbooks, described below. 
While the contents of the individual laboratories 
differ, depending on grade level, each one con- 
tains a tray of commonly-used apparatus: beakers, 
test tubes, tripods, plastic tumblers, plastic dishes, 
and other basic materials which can be reused 
whenever needed. With normal use, some deple- 
tion of parts will occur each year and a small por- 
tion of the items are consumable. Replacements 
are available from the publisher. 


WORKBOOKS 

Concepts in Science Workbooks, available for 
Grades 4 through 6, give pupils additional oppor- 
tunity to reinforce and extend their understanding 
of the concepts developed in the Concepts in Sci- 
ence textbooks. Through the experiences that are 
provided in these workbooks, pupils review con- 
cepts and apply them in new context. New prob- 
lems are introduced which are related to problems 
they have already studied, but which differ in some 
significant way from those in the te 
over, the workbooks give 
utilizing basic laboratory ski 
tions, tabul 


xtbooks. More- 
additional practice in 
Ils—recording observa- 
ating data, interpreting data, and draw- 
ing conclusions—as well as practice in using scien- 
tific apparatus. The activities in the workbooks h 
been selected to provide experiences in v 
situations—at home, in the classroom, on a field 
trip, in the library, or in the laboratory; and from 
these experiences, pupils are called upon to orga- 
nize and apply the concepts and skills initiated and 
developed in their textbooks. Self-testing reviews 
are included for additional pupil evaluation and a 
Teacher's Correction Key, separately available, 
provides suggested answers. 


ave 
arious 


TESTS 
Teaching Tests, prepared and screened by the 
Harcourt, Brace & World Science Testing Board, 
are available separately for Concepts in Science 3 
through 6. The answer keys are found in the 
Teacher's Editions of the textbooks, 
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These tests, to be used after each unit in the 
pupil’s books, go beyond the testing of facts. Like 
other elements in the Concepts in Science program, 
they help teachers eva)uate the pupil's understand- 
ing of concepts. The questions for each test are 
designed to evaluate comprehension as well as 
retention of information. They are divided into 
several parts; the parts are designed to test the 
child’s ability to read for comprehension and in- 
terpretation, the ability to recall { 
tion, the ability to evaluate and 
new situations. They may 
the pupils perceive rel 
cepts developed. 


factual informa- 
apply concepts in 
also determine how well 
ationships among the con- 


LABORATORY CARDS 


100 Invitations to Investigate, a set of 100 un- 
graded laboratory cards, provide the background 
information, illustrations, and clues to procedure 
for pupils’ independent investigations, The inves- 
tigations are a random assortme 
physical, and chemical sciences; they progress in 
difficulty—the higher numbered 
being more sophisticated. The 
packaged in a sturdy case, 
pupils who wish to pursue, 
in the textbook, their own intere 
ticular area of science, indepe 
classroom work. Each child is 
the investigation in which he 
vestigate with enthusi 


nt in the biological, 


investigations 
cards, which are 
are designed for those 
beyond what is covered 
st in some par- 
ndent of their regular 
encouraged to select 


agination, to seek 
ich his textbook offers 
designed for enrichment, the 
also lend themselves to science 
study by special] 


‘ Y Interested students and for sci- 
ence in ungraded programs, 


laboratory cards 


SOURCEBOOK 
Harcourt, Brace 
professional book 


information for te 
for 


S FOR THE TEACHER 
& World publishes 
s which provide 
ache 
> and carry out as 
mentary school, 
of science edu 
“tactics and strai 


a number of 
supplementary 
rs on how to plan, prepare 
cience Program in the ele- 
Written by specialists in the field 
cation, these books provide the 
c tegy” as well as the 
teaching elementary and high school 
also employ the scientific 
chology involved in 
will find a list ofthe 


techniques for 
science. They 
and educational psy- 
the teaching of science. You 
se publications on the first page. 


. Part Two: CONCEPTS IN SCIENCE 6 


Structure and Content 


Concepts in Science 6 is more than a series of 
related sections. It is more than the sum of its sepas 
rate parts. It is the last of a series of six books of 
an elementary science curriculum. It is the culmi- 
nation of a sequential and fully articulated program 
in which each unit has dependence upon the con- 
tents of units previously studied. Each section in 
the textbook is part of the larger pattern of the unit. 
The unit, in turn, is part of a still larger pattern, 
the year’s work in science, which encompasses ting 
six conceptual schemes at the concept level in- 
dicated on pages F-14—F-15. 

Science concepts are interrelated. Interdepen- 
dence, for example, is the theme of the finst tive 
units, but heredity (the theme of Unit Eight) also 
plays a role, as do matter and energy, the oon 
of Units Four through Seven; and change is the 
theme of the last two units. These relationships 
become increasingly.clear as the pupils study how 
technologists have made use of the POED de- 
veloped by scientists to invent machines, new 
Products, ae fibers, new means to insure longer 
life, better plants and animals, and complicated 
techniques and structures which have enabled us 
to take close-up photographs of the planet none 
Concepts of science are introduced, reintroduce i 
and reused in every unit; out of the diversity of tiy 
world, the pupils see unity in the concepts that are 
used to do the world’s work. : ý gi; 

The conceptual schemes that are set forth in a 
Teacher's Edition, and the subconcepts which 
Serve them, lend themselves to providing basic 
€xperiences for the pupils as they study the objects 
and events in the world around them. A concept 
earned in one unit is recalled and reapplied in 
new contexts in later units. 

In Concepts in Science 6 the nine units develop 
the sixth concept level of the six major conceptual 
schemes, Each unit is primarily concerned with 
ne conceptual scheme, but some schemes appear 
' More than one unit. The nine units deal with a 
variety of subjects: behavior and learning, reflexes 


and habits, new metals and fibers, bacteria and 
antibiotics, vaccines and viruses, machines and 
force, heat and motion, rockets and jets, electrons 
and electromagnetic waves, fission and fusion, 
chromosomes and DNA, stars and the changing 
universe—to give but a partial list. Yet, to the sci- 
entists, these units are concerned with only three 
larger categories: energy, matter, and life. These 
three categories have been studied in earlier text- 
books in the series in an ascending order of sophis- 
tication in relation to what the authors have chosen 
to call the six major conceptual schemes—schemes 
that are basic to a pupil’s understanding of the 
material universe. Life, matter, and energy will be 
studied again in succeeding years at still higher 
levels of sophistication. 


Earlier concept levels for each conceptual scheme 
are basic to understanding the scheme as it is de- 
veloped on this concept level. Concepts in Science 
6 builds upon earlier levels. The conceptual 
schemes are not taught to the children; rather, 
they are the goals the children, as learners, reach 
through experiences that have been selected to 
provide a maximum of individual involvement in 
the learning process. Concept formation has been 
proceeding step by step through all the grades, 
and will contine for every pupil. 

The exploration of the environment, certainly a 
major aim of science. does not begin in the first 
grade, nor end in the sixth. Most young children 
enter school with a fund of science information 
(and misinformation) and a fairly well-developed 
pattern of behavior that has served their need to 
satisfy their natural curiosity. By the sixth grade they 
have had new experiences, many that have been 
planned in search of meaning. In school, their ex- 
periences have been selected and organized for 
conceptual understanding, a necessity if the se 
is to be successful. 

In each grade, teachers help children to organize 
and evaluate their information, and to use and im- 
prove their habits and skills of investigating, Their 


arch 
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investigating, however, proceeds no longer in the 
random fashion of early childhood; rather, it pro- 
ceeds through thoughtful selection of the processes 
of scientific investigation in a sequential, develop- 
mental pattern of experiences systematically or- 
ganized as a science curriculum. Let us examine 
the pattern in Concepts in Science 6, as it is de- 
veloped in the textbook and Teacher’s Edition. 


THE STRUCTURE OF A UNIT 

All the units in the child’s textbook have the same 
structure and the same component parts. All the 
units in this Teacher’s Edition exactly parallel the 
structure of the child’s textbook, except, of course, 
that the statements of the conceptual goals of the 
teaching and learning processes are not included 
in the child’s textbook. All the teaching sugges- 
tions for each unit directly precede the reproduced 
pages of the child’s textbook and are readily identi- 
fiable by the color bands on the outside margin. 

Since you will be starting with Unit One, 
“Learned and Unlearned Behavior,” a brief 
analysis of the teaching suggestions on pages 
T-1—T-19 will serve to explain the main headings 
and help in developing an approach to teaching the 
sections in this and subsequent units. 

Across the top of page T-1 is a statement of the 
Conceptual Scheme followed by the title of the 
unit and a notation of the pages of the child’s text- 
book to which the teaching suggestions refer. In 
the margin appears a statement of the Unit Concept. 
Reference to the chart on pages F-14—15 shows 
that this Unit Concept for Unit One thus deals with 
Concept Level VI of Conceptual Scheme C. Simi- 
larly, other units are seen directly to fit the same 
concept level of one or another of the six con- 
ceptual schemes. 

Next to the Unit Concept statement is an inter- 
pretation for the teacher that is related to questions 
children are likely to ask, observations they may 
make, or procedures they will use in working 
toward the goal of concept formation and con- 
ceptual understanding. 

In “A View of the Unit,” which immediately 
follows the title of the unit, it is recognized that 
teachers have many claims upon their time and 
energies. This preview of the concepts not only 
summarizes the subconcepts that supply the evi- 
dential base for the unit concept but also provides 
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background information that often goes consider- 
ably beyond the sixth-grade level. It is hoped that 
this introduction will render it unnecessary that 
a teacher do further research before beginning to 
teach the unit with confidence and enthusiasm. ` 

Under “Supplementary Aids” (see pages T-3— 
6), there is a graded listing of films and filmstrips 
for classroom showing, as well as books for the 
science reading table. The films and filmstrips have 
been previewed, selected, and rated by Bess S. 
King, formerly supervisor of Santa Monica Public 
Schools, Santa Monica, California. An “intermedi- 
ate” rating indicates that the concepts are relatively 
easy to comprehend, while a “junior high school” 
rating indicates they are relatively advanced for 
sixth grade, but useful if their presentation is care- 
fully guided. The books suggested for the science 
reading table were reviewed, selected, and graded 
for reading level and conceptual content by Ester 
K. Nelson, Consultant in Elementary Education, 
Bureau of Elementary Education, California State 
Department of Education, Sacramento, California. 
The authors of Concepts in Science unhesitatingly 
concur with the choices. The Classroom Labora- 
tory and other items for a comprehensive program 
are described on pages F-17—18. 

Suggestions for Introducing the Unit (see page 
T-6), together with the opening two pages of the 
unit in the child’s textbook, serve to stimulate 
curiosity and link thought to action. They lead 
directly into the teaching suggestions for Section | 
of the unit. 

The Pattern of a Section. Examination of the 
opening lines of a section (see Section 1, page T-6) 
reveals a pattern identical to th 
the unit: the title of the section, the pages of the 
ro ooo be statement of the subconcept, 

on for the teacher that is related 


to the manner in which children will work toward 


understanding of the subconcept. Note that each 
subconcept is related to, 


of the unit concept. Se 
well be considered as 5 
larger and more inclusiv 

In the margin below 
appears a listing of the 
the entire section. Not al 


at of the opening of 


and fills in, some aspect 
ction subconcepts might 
upporting concepts to the 
e Unit Concept. 
the subconcept generally 
Processes emphasized for 
Se l processes will be used in 
a estates nor will these necessarily be the 
oe cente children will use, The teacher im- 
lately sees, for example, that in Section 1 chil- 


dren may be encouraged to observe, take a field 
trip, investigate, hypothesize, consult with others, 
report their findings, and invent models. By these 
processes, and others in different sections, children 
approach conceptual understanding. 

In each section, the child has experiences that 
enable him to take a specific step toward under- 
standing some important concept. A section may be 
completed in one day in some instances; in others, 
several days will be needed. A lesson in this text- 
book does not imply completion of so many minutes 
of a classroom assignment, but gaining of an under- 
standing of a concept, even though the child has 
never seen or heard the concept stated in specific 
terms. 

Like good lessons in subjects other than science, 
the section has three main divisions: 


the introduction—in which a problem is raised and 
curiosity stimulated; that is, thought is linked to 
action; 

the main body of the lesson—in which the content 
is organized for concept development and then 
summarized; i 

the reinforcement or extension of the lesson—in 
Which a variety of activities is introduced for 
enrichment. 


In the sections, or lessons, the children become 
aware of new relationships as they discover simi- 
larities among objects and events that previously 
may not have appeared to them to be related. Grad- 
ually, as they recognize and understand more 
clearly some of the more complicated patterns of 
relationships in the universe, for which they are 
ready on the fifth-grade level, the children build 
in depth their concepts in science. These concepts 
evolve in the child’s mind as he takes each experi- 
ence as a specific step toward understanding of 
creasingly mature concepts. 

Introducing the Concept, the first part of each 
Section, suggests an activity that raises questions 
°F poses a problem. The activity may be a demon- 
Stration by the teacher, the making of a model, a 
class discussion, or a simple investigation. Occa- 
Slonally some object or objects are desirable for 
xamination. In Section 1 of Unit One (page T-6), 
this procedure is suggested, and the objects are 
{Sted as Equipment and Materials in the margin so 
that the teacher may see at a glance what may be 
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useful to obtain for the opening of the lesson. In 
fact, wherever any activities are suggested that call 
for materials, the teacher will find a listing in the 
margin with a space in which to check their avail- 
ability. 

Once the section has been introduced, the teacher 
may further stimulate and guide the children’s 
attention and curiosity by asking the pertinent 
question in bold-face type. To work toward un- 
covering the answers, the children turn naturally 
to their science textbooks and continue with the 
main part of the lesson. 

Developing the Concept consists of several ac- 
tivities, usually from three to five, indicated by 
italic headings. These activities help the child to 
uncover evidence, see relationships, draw infer- 
ences, and in other ways move further toward un- 
derstanding of the concept. The kind of evidence 
the children should discover is stated in the margin 
opposite the italic title. Equipment and materials 
are listed if necessary, except for the investigations 
in the child's textbook where the materials are 
listed in the investigation. 

The heart of many of the lessons, or sections, is 
the investigation, always indicated in the child’s 
textbook by the blue-tinted pages. If pitfalls in the 
investigation can be anticipated, or other learnings 
or questions may evolve from it, the teacher is 
alerted in the teaching suggestions. Otherwise, 
teachers follow the child’s textbook and encourage 
design of the investigation and performance of it 
at the point indicated. If special equipment or 
alternate equipment for the investigation is sup- 
plied in the Classroom Laboratory, the availability 
of this equipment is indicated in the margin (see 
pages T-12 and T-13). 

It is useful at this point to call attention to the 
illustrations, both in the text and in the investiga- 
tion pages. The concepts of science rest upon ob- 
served evidence; that is, evidence observed and 
verified by someone. Unfortunately none of us can 
observe everything at first hand; in fact, we must 
rely upon indirect evidence for much that we learn. 
The evidence of pictures is perhaps the hardest to 
read. We tend to look at a picture before we know 
what it is that the picture can tell us—and then we 
don’t come back to it. Or we read all about an object 
or event before we look at the illustration and often 
overlook something important that would help fix 
our understanding. To insure th 
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at the picture is 


“read” at the appropriate time, the picture is cued 
within the text by a symbol (square, circle, triangle, 
etc.) in color. Each cue means simply, “Now look 
at the picture—the one marked with a square. 
This is the right moment for inspection. There is 
no difficulty returning to the right point in the text, 
because the cue is there, clearly visible. Figure 
numbers and captions, used at higher levels of 
instruction, would tend, with younger children, to 
interrupt the reading or set the illustration apart 
from the context. This cuing of visualizations of 
evidence gives an improved degree of control over 
the learning situation. 

In the child’s text, the outcome of an investigation 
can be seen in the photographs illustrating it, as 
a rule. The text of the investigation does not tell 
what the outcome will be; the picture must be in- 
spected to see what happened. Thus, the impor- 
tance of seeing, or observing, is stressed, even if, 
for some good reason, the investigation is not ac- 
tually performed. When it is performed, the child 
has a guide by which to test his own results. How- 
ever, we must also stress that the photographs show 
only how one trial came out. Scientists seldom 
accept the evidence of one trial. Variations in the 
children’s results are to be expected. There may 
be good reasons for the variations, or perhaps the 
technique may be faulty. Children, then, should 
be cautioned not to accept one result and e 
aged to make several trials to discover re 
any discrepancies between their results 
pictured. 


ncour- 
asons for 
and those 


Extending the Concept, part of the main body of 
the lesson, but not a requirement of it, provides 
additional activities in which childre 
out further information in an area that interests 
them or apply a developed understanding in a new 
context. Some of these activities are suitable for 
slower-moving children who need reinforcement 


on a lower level; others offer a challenge to the 
more able. 


n may seek 


Each section in the child’s text closes with sever. 
types of activities, ranging from simple self-tests 
to investigations children may do on their own. 
Since teachers are busy persons, the answers to 
factual questions are given under Reviewing the 
Concept (see page T-9), The results of a pupil- 
planned activity are not indicated. He may achieve 
a different answer that satisfies the conditions of 
his activity, or a more extended answer than might 


al 
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be given here. What the child uncovers and can 
defend on the basis of his own efforts is far more 
important than his arrival at an expected answer. 
A good science lesson rarely ends at the close 
of a science period. One of the criteria used by 
teachers in evaluating the effectiveness of their 
teaching is the enthusiasm with which children 
continue to observe and investigate on their own. 
The lesson (section) then serves to point the way 
and to give meaning to children’s continuing ob- 
servations and investigations in their daily lives. 
Closing the Unit. The last section of cach unit 
(see page T-17), titled “The Main Concept,” brings 
the central ideas of the subconcepts together in a 
summary that relates them to the Unit Concept and 


to the Conceptual Scheme. It is at this time that 


children should be encouraged to formulate their 


own statement of the Unit Concept. The exact 
words, as printed in the margin 
Each child has his own unde 
sonable approximation of a statement of concept 
relationships should be accepted, 

A New View. A comparison of the 
schemes of Concepts in Scie 
shows that all these sche 
In the sixth grade, childre 
concept relationships 


» are not important. 
rstanding; any rea- 


six conceptual 
nee (pages F-14—15) 
mes are interrelated. 
n can begin to see these 
and get a glimpse of the unity 

of the world in which they live, Hence, at three 
stages during the year’s course, children take stock 
of conceptual relationships in separate sections. 
The first of these is “A Concept of Interdependence: 
A New View,” the second, “A Concept of Mass- 
Energy: A New View,” and the third, “A Concept of 
Change: A New View.” In each section, conceptual 
schemes are examined together as will be evident 
from a reference to Pages T-69 and T-70 at the 
close of the teaching suggestions for Unit Three. 
The remaining two “New View” sections are at the 
close of Unit Seven and Unit Nine. 
These “New View” 


sections encourage children 
to note and appreciate their growth in science. 
This growth is, of course, individual. But all the 
children come to some understanding of relation- 
ships between concepts. They can 
understanding of : 
each to his own c 


At the End of ork. Following the 
nine units and the final “New View” 
end-of-book section titlec 


of Investigation” ( 


and do share an 


the world they have explored, 
apacity. 


the Years W 
section is an 
] “On Your Own: The Art 
see textbook page 409), Many 


children enjoy an extended activity; many are in- 
veterate investigators; and still others are attracted 
by the opportunity to make discoveries on their 
own, quite independently of classroom experiences. 
The activities suggested in this section may be 
started with any child, with any group of children, 
or used to supplement the work of the text at any 
time. However this section may be used, it was pre- 
pared with the capacities of children to explore, 
investigate, and classify clearly in mind. 

For all the children, the text, carefully ordered 
in concepts, growing in complexity as each child 
grows in maturity, provides a series of firm founda- 
tion stones on which all may be guided to a firmer 
understanding of the higher ordering of concepts 
in Concepts in Science 6. 

The Ultimate Goal. Each science lesson is de- 
Signed to permit the child to engage in the follow- 
ing processes. 


1. to explore the material universe (through a 
“mix” of activity); 

2. to seek orderly explanations of the objects and 
events explored (the explanation is an assertion 
we have called a concept); 

3. to test his explanations (through a variety of 
activities). 

The teacher's art is an individual one; the child’s 
learning activity is an individual one. Nevertheless, 
the teacher's art is congruent to the scientist’s when 
the child—in the teachers hands—explores his 
world and, because of the teacher's great skill and 
understanding, is not crushed by the immensity 
of it. 

Each lesson, in short, becomes an experience in 
search of meaning. A new concept of the way the 
world works becomes part of the child's equip- 
ment; it becomes part of his posture toward the 
world he lives in. He grows. 


Useful Teacher References 


Many books in science and science education 
offer splendid opportunities for additional study 
and investigations by pupils or for cael oi 
teaching background. Harcourt, Brace & Worle 
Publishes a number of textbooks for higher levels 
as well as several sourcebooks. Since they are re- 
ferred to in this Teacher's Edition from time to 
time, the titles are cited below. In addition, a few 
other sourcebooks useful for reference and also 
Cited in this Teacher's Edition are listed. Any oF 

lese is sufficient in conceptual depth and in 
richness of content to provide broad avenues of 
Exploration for the most exacting teacher or the 
post inquisitive, imaginative, or creative child. 
he names and addresses of all the publishers 
Whose titles are suggested here and in suggestions 
bed individual units are on pages F-25—26. 
The World of Living Things by Paul F. Brandwein 

et al., Harcourt, Brace & World, 1964. A general 

Science textbook for junior high school, stressing 

ological science at an elementary level. 

he World of Matter-Energy by Paul F. Brandwein 
et al, Harcourt, Brace & World, 1964. A general 

Science textbook for junior high school, stressing 


earth and physical sciences at an elementary 
evel, 


Exploring the Sciences by Paul F. Brandwein etal., 
Harcourt, Brace & World, 1964. A complete, gen- 
eral science textbook for junior high school. 

The Physical World, Second Edition, by Richard 
Brinckerhoff etal.. Harcourt, Brace & World, 1963. 
A textbook in the physical sciences for ninth- 
grade pupils. Contains a special section of in- 
vestigational activities for the more inquisitive 
and thoughtful pupil. 

Teaching Elementary Science: A Sourcebook for 
Elementary Science by Elizabeth B. Hone et al. 
Harcourt, Brace & World, 1962. Descriptions of 
projects and experiments for pupils; techniques, 
field trips, demonstrations, and suggestions for 
planning instruction in biological and physical 
science are presented. 

Teaching High School Science: A Sourcebook for 
the Biological Sciences by Evelyn Morholt et al., 
Harcourt, Brace & World, 1958. Similar in orga- 
nization and planning to the elementary source- 
book cited above. Although designed for high 
school, it contains much useful material for the 
teacher and for pupils with special interests, 

Teaching High School Science: A Sourcebook for 
the Physical Sciences by Alexander Joseph et; 


al., 
Harcourt, Brace & World, 1961. Simil 


ar to the 
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biological sciences sourcebook cited above but 
for the physical sciences field. l 

Astronomy by Fred Hoyle, Doubleday, 1962. An 
encyclopedic volume of which the author states, 
“In this book I have attempted to take the reader 
from the earliest known astronomical discoveries 
up to the latest modern developments. Espe- 
cially useful to teachers because of the indexing 
of both topics and illustrations. 

Energy by Mitchell Wilson and the editors of Life, 
Time, Inc. From the Life Nature Library, Silver 
Burdett, 1963. In the introduction Glenn T. 
Seaborg queries, “But what, precisely, is en- 
ergy?” This question the book answers, at least 
in part, by a wealth of information and brilliant 
photographs. Each of the eight sections is ac- 
companied by a picture essay. Teachers and 
pupils will find the index useful for the study of 
selected topics. 

Foundations of Modern Biology Series, Prentice- 
Hall, 1961. A series of short, illustrated books 
on modern biology. Hard-to-locate descriptions 
of recent research and discoveries may be found 
in these books. The titles of the books in the 
series are: Man in Nature by Marston Bates; The 
Plant Kingdom by Harold C. Bold; Heredity by 
David Bonner; Animal Behavior by Vincent 
Dethier and Eliot Stellar; The Life of the Green 
Plant by Arthur W., Galston; Animal Diversity 
by Earl D. Hanson; Cellular Physiology and Bio- 
chemistry by William D. McElroy; Animal Phys- 

iology by Knut Schmidt-Nielsen; Animal Growth 
and Development by Maurice Sussman; The Cell 
by Carl P. Swanson; and Adaptation by Bruce 
Wallace and A. M. Srb. 

The History of Man by Gustav Schenk, Chilton, 
1961. A concise but detailed story of the world 
of man as far as it is known at the present time. 
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Gives a comprehensive picture of the whole area 
of anthropology and genetics and an insight into 
the results of recent discoveries. Illustrations 
are on every page, many of them in color. . 

Machines by Robert O’Brien and the editors of Life» 
Time, Inc. From the Life Nature Library, Silver 
Burdett, 1964. That “machines provide the means 
through which matter’s conversion into energy 1S 
made available for man’s use” is the theme of the 
book. From an introductory section, “The 
Machine-made Fabric of the American Dream 
and accompanying picture essay, “The Five Fun- 
damental Machines,” to the eighth section, 
“The Promise and Problems of Automation, 
the narrative and numerous illustrations, photo- 
graphs, and diagrams, many of them in color, 
both inform and delight the reader, 

Teaching Science Through Discovery by Arthur 
Carin and Robert B. Sund, Merrill, 1964. An in- 
tensely practical volume which can help teachers 
understand and practice a science program for 
the elementary school in accordance with the 
revolutionary nature of science education. The 
four section titles, “Shaping Science Education 
in the Elementary School,” 
Planning for Teaching Scie 
Activities for Science Teaching-Learning,” and 

Discovery Lesson Plans and Other Activities 
for Teaching Science,” barely suggest the ra- 
tionale and framework for science instruction 
and learning which permeate all sections. Em- 
phasis is on problem-solving and the “discovery 
approach,” but specific, detailed, and step-by- 
step teacher activities for organizing, planning; 
and teaching Science are given. The appendix 
contains bibliographies of professional books, 
Sources of scientific equipment and supplies: 


and many other helpful lists. 


“Organizing and 
nee,” “Enrichment 


Basic Books 
Benefic Press 
Bobbs-Merrill 
Chilton 


Creative Educational Society 


Crowell 

Dodd, Mead 
Doubleday 
Dutton 

Harcourt, Brace & World 
Harper & Row 
Harvey House 
Houghton Mifflin 
John Day 

Knopf 
McGraw-Hill 
Macmillan 
Melmont 


Merrill 


Messner 

Morrow 

Pantheon Books 
Parents Magazine Press 
Prentice-Hall 

Putnam’s 

Rand McNally 

Random House 
Scholastic Book Services 
Scribner's 

Singer 

Simon and Schuster 

St. Martin’s Press 
Time, Inc. 


World Publishing 


ADDRESSES OF PUBLISHERS 


Basic Books, Inc., 404 Park Ave., S., New York, N.Y. 10010 
Benefic Press, 1900 N. Narragansett, Chicago, Ill. 60639 


The Bobbs-Merrill Co., Inc., 4300 W. 62nd St., Indianapolis, Tiia. 46206 
Chilton Co., Book Division, 525 Locust St., Philadelphia, Pa. 19106 
Creative Educational Society, Inc., Mankato, Minn. 56001 ais 
Thomas Y. Crowell Co., 201 Park Ave. So., New York aR ` noo 
Dodd, Mead & Co., Inc., 432 Park Ave. So., New York, N.Y. È C 
Doubleday & Co., Ine., 277 Park Ave., New York, NY. pot T 

E. P. Dutton & Co., 201 Park Ave. So., New York, N.Y. 10003 — 
Harcourt, Brace & World, Inc., 757 Third Ave., New York, gr 7 
Harper & Row, Publishers, 49 E. 33rd St., New York, N.Y. 5 
Harvey. House, Inc., Irvington-on-Hudson, A ti 

Houghton Mifflin Co., 2 Park St., Boston, Mass: 02 T (9 — 
The John Day Co., Inc., 200 Madison Ave. New Yor = ; Bes 
Alfred A: Knopf, Inc., 501 Madison Ave., New York, N. i Ri —— 
McGraw-Hill Book Co., Ine., 330 W. 42nd St., New York, N.Y. 


i ve., New York, N.Y. 10011 
The Macmillan Co., 60 Fifth Ave., New York, Sa 
a Pablas, Inc., Jackson Blvd. & Racine Ave., Chicago, Ill. 


sc E. Merrill Books, Inc., 1300 Alum Creek Dr., Columbus, Ohio 
Sharles E. } S, 

216 . are 
E e Messner, Inc., 8 W. 40th St., New York, N.Y. 10018 


William Morrow & Co., Inc., 425 Park Ave. So., New York, N.Y. 10016 
>e Rë House f f ne 7 
atte Press, 52 Vanderbilt Ave., New York, N.Y. 10017 
ar s Magaz 


rentice-He c., Englewood Cliffs, N.J. 07631 E 
a e oy 200 Madison Ave., New York, N.Y. 
A McNally & Co., Box 7600, Chicago, Hl. 60680 n 

5 House, Inc., 457 Madison Ave., New York, N.Y. 10022 
cee > Bi nak Services, 904 Sylvan Ave., Englewood Cliffs, N.J. 07631 
See E uera Sons, 595 Fifth Ave., New York, N.Y. i 10017 n 
OT : r Company, 249 W. Erie Blvd., Syracuse, N.Y. 13202 
= y np Inc., 650 Fifth Ave., New York, NY. 10020 
me T ; Press, Inc., 175 Fifth Ave., New York, N.Y. 10010 : i 
z cha " Book Division, Time-Life Bldg., Rockefeller Center, New York, 
Time, Inc., 


2 . 
er R. rA Co., 2231 W. 110th St., Cleveland, Ohio 44102 
World s ? 


10016 


F-25 


ADDRESSES OF AUDIOVISUAL SUPPLIERS 


The teaching suggestions for each unit of this 
Teacher's Edition list a number of films and film- 
strips for classroom showing. Orders or further 


requests for information should be addressed to the 
following distributors or suppliers whose names 
are given in abbreviated form at the left. 


Cenco Cenco Educational Films, 1700 Irving Park Rd., Chicago, Il. 60613 

E.B.F. Encyclopaedia Britannica Films, Inc., 1150 Wilmette Ave.. Wilmette, Il. 60091 

E.F.D. Educational Films Division, John Colburn Associates, 1122 Central Ave., Wilmette, III 
60091 

F.A. Film Associates of California, 10521 Santa Monica Blvd., Los Angeles, California 90025 

Jam Handy Jam Handy Organization, 2821 E. Grand Ave. 


. Detroit, Michigan 48211 
McGraw-Hill McGraw-Hill Publishing Co., Text Film Dept., 330 W. 42nd St., New York, N.Y, 10036 


S.V.E. Society for Visual Education, Ine., 1345 Diversey Parkway, Chicago, II]. 60614 


Answer Key for TEACHING TESTS 


a One Unit Two Unit Three 
a p 
2 d 2 3 a. 
3. c 3 b = a 
4 a 4 b å 
5. b 5. a 5 i 
6 b 6. b 6 3 
7 b T a 7 it 
: 8. a 8 i 
cn = E 
# 10. b A S 
Lk. reflex act ll. stainless steel cj d 
12. instinct 12. plastic ll. polio 
13. learned act 1. on 12; smallpox 
14. habit l4. nylon 13. typhoid 
15. theory of conditioning 15. branes ł4. tuberculosis 
16. b I¢ = 15. polio 
TS s 17. A b 
= e 18. 5 ie d 
a0. 19. d l i b 
à 20. d o s 
i a 


F-26 


Unit Four 


i; b 
2. a 
3. b 
4. a 
5. b 
6. Cs 
Te d 
8. (4 
9. c 
10. a 


ll. wedge 

12. wheel and axle 
13. lever 

14. inclined plane 
15. screw 


16. d 
Lik b 
18. a 
19. c 
20. č 


Unit Seven 


1. hydrogen 
2. magnesium 
3. carbon 
4. sodium 
5. oxygen 
6 d 
7 a 
8. b 
9. b 
10. c 


ll. atomic pile 

12. generator 

13. cloud chamber 
14. Geiger counter 
15. cyclotron 


16. b 
17; b 
18. c 
19. a 
20. c 


Unit Five 


L b 
2: a 
3. a 
4. a 
5. b 
6. d 
yA a 
8. d 
9. b 
10. b 


ll. automobile engine 
12. piston steam engine 
13. steam turbine 

14. rocket engine 

15. jet engine 


16. ic 
17. 1 
18. b 
19. È 
20. d 


Unit Eight 


L c 
2. b 
3: a 
4. c 
5. a 
6. e 
T: d 
8. a 
9: b 
10. b 


1l. fruit fly 

12. seedless orange 
13. mule 

14. Rival wheat 

15. Hereford cattle 


16. c 
IT: a 
18. a 
19. d 
20. c 


Unit Six 


i. a 
2 a 
3, b 
4. b 
5. b 
6. d 
7. a 
8. a 
9. d 
10. b 
ll. bell 


12. electric motor 
13. telegraph 
14. telephone 
15. television 


16. c 
II: d 
18. a 
19. d 
20. c 


Unit Nine 


1 a 
2 b 
3. a 
4. b 
5 b 
6 e 
A b 
8. a 
9. c 
10. b 
ll. Algol 


12. Polaris 

13. Alpha Centauri 
l4. Antares 

15. Barnard’s Star 
16. a 


Vs d 
18. d 
19. e 
20. d 
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CONCEPTUAL SCHEME 


Living things are interdependent with one another 
and with their environment. 


Unit One 
LEARNED AND UNLEARNED BEHAVIOR 


As each child grows and develops, he increases in understanding and 
in the capacity to learn; he begins to appreciate that some of his responses 
to stimuli are inherited (inborn and automatic) and that some responses 
can be changed as he uses the structures he has inherited. In this unit, 
the pupils examine two theories, conditioning and goal-insight, that help 
explain how they learn. They investigate how they can change their 
behavior and gain greater control over their environment. 


A VIEW OF THE UNIT A , 
By this time in their school course, your pupils have had considerable 
work in science, They have examined their experiences, raised questions, 
formulated hypotheses, built models, and performed investigations to 
Bather information that either verified or challenged their hypotheses. 
They have interpreted and organized data, made generalizations, = 
Sulted living persons and written sources as authorities, ae = u 
of all—they have formulated concepts that aep them organize-and explain 
the ey jects in the world around them. ; 
In rite a in of Concepts in Science 6, the pupils examine how 
they have used their brains and inherited characteristics and thus have 
en able to learn and will continue to learn as long as they Pepe 
examine some of the concepts that underlie our understanding o a 
they—and other organisms—respond to stimuli in their — à 
everal theories that have borne the test of investigations ani e e d 
Y psychologists are presented to help explain these i eae To het 
ability of man, alone among all organisms, to learn and to apply 
© has learned to the solution of his problems. ihe iting to: leave 
As the pupils study later units, they will see how js a ark aan 
has leq many students to formulate useful concepts to expla: discovered. 
Phenomena and to modify these concepts as new ae pra nae 
© formulation and testing of concepts is the chief = ii z i 
Sse concepts may then be stimuli to others who atte: r A ee geo 
*PPlications—that is, to invent tools—for Ee cof otk = A aa 
‘onment, The discovery of applications is the chie 
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TEACHING SUGGESTIONS 


(Text pages 2-45) 


UNIT CONCEPT 

living things are adapted by 
structure and function to thei 
environment. 


A Preview of the Concepts 


Science and Technology 


Reflex Acts 


Conditioning 


nologist. But both the scientist and the technologist work together; both 
ers and discoverers. 
ye dhe year, each pupil will formulate and modify sanie 
he has been doing in earlier years. He will, in his investigations, a He 
tools for obtaining more accurate and precise data. He will, Tin K 
extent of his capacities, be both scientist and technologist. This init — 
the groundwork for his understanding of the uses and tools of the oct 
tist, the greatest of which is the human brain with its capacity to — 
think, generalize, and invent. As living things, the pupils are products fa 
their heredity and environment. They have, of course, been learning A 
earlier years; now, they learn about learning, And they investigate hoy 
they can apply this knowledge consciously., — 
The pupils study inborn and unlearned acts (reflexes and instinct” 
behavior) of common animals and of themselves, For every stimul 
there is a response. Scientists have become cautious about using ™ 


à s n + >s per 
term instinct as a type of behavior apart from learned or inborn | 


3 : P ; or 
haviors. Except for true tropisms in plants (turning of leaves to light 


roots to water), very few behaviors can be said to be completely inbor™ 
Most types of behavior are modifiable. As pupils will 
flexes may be conditioned—that is, modified. 
into the stimulus-response pathw A 
flexes, such as heartbeat and the response of the pupil of the eye to light- 
cannot be modified. 


s e- 
discover, many is 
Ast ult 
—by building a new stimu a 
ays of the nervous system. A few 3 


Understanding of conditioning ( 
the way to understanding h 
learning processes. What int 
have that keeps them in touch with and responsive to the environme™ 
The pupils consider the nervous system of the hydra and their oW™ ` 


of 
In order to develop the relationship of the nervous system to the othe 
systems of the body, it may be help 


ful to borrow wall charts of the hum@” 
body from the high school biology department if you do not have cha" 
of your own. Or circulate a copy of Concepts in Science 5, which has z 
entire unit, Unit Five, on the human body, including 
diagrams. i 


” yes 
through the reward stimulus ) a 
: k e 
abit formation and other more comp i 
ernal communication system do organis” 


u 
a number of us@ 
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investigate it. See page 132 of The Sourcebook of the Biological Sciences 
for directions. 

From conditioning and simple learning, the text proceeds to habit Habit Formation and the 
formation and the goal-insight theory of learning. It is well to think of | Goal-insight Theory 
the process of learning as not separate, but related; sometimes we 
seem to act automatically, and, at other times, only after careful thought, 
depending on the stimuli. The mammalian brain has a highly developed 
mass of millions of interconnected neurons, in turn connected throughout 
the body—as compared with the simple nerve net of the hydra. Man’s 
brain has about 5 billion of these neurons which free him from relying 
on automatic response to stimuli, and permit him to develop responses 
that are rooted in experience and learning. That is, he can develop habits 
or change them; he can look ahead to a goal and see ways of reaching it; 
and he can test his responses. 

The pupils review the concept that organisms are adapted to their Adaptation 
environment. We might also say that man is adapted for learning. Hence 
out of their study, your pupils may become encouraged to examine their 
goals and make ‘plans to achieve them. Science may help them become 
efficient learners, the long-term goal of spending 12 to 16 years or more 
Preparing to operate responsibly in the environment of their tomorrow. 


SUPPLEMENTARY AIDS 
All the films and filmstrips below are in color unless otherwise indi- 
cated. In order to have them available at the time you wish to show them, 
it is advisable to order or reserve them on loan from the supplier well 
in advance, The names and addresses of distributors of films and film- 
" Strips, listed here by abbreviation, are given on page F-26. Following each 
m or filmstrip is a rating of the approximate range of content and 
‘ifficulty. Those that are rated “Intermediate” are, in general, about 
"ight for the grade level. All the available films and filmstrips dealing 
With behavior tend to be advanced in difficulty and are rated “Junior 
High.” Previewing and advance lesson planning is suggested. 


Animal Habitats (11 min.), F.A. Illustrates the relationship between living Films 


things and the habitats in which they are found. Simple introduction to prin- 
Ciples of ecology (Intermediate) 


Balance of Life and the Space Age (13$ min.), F.A. Considers the earth’s liv- 


ng things in terms of their basic needs; interdependence of plants and ani 
anced system inside a space 


mals, It will be necessary for man to create a bal p 
(Intermediate) 


capsule to keep astronauts alive. 
Re: i i papa 
oe in a Simple Animal (11 min.), F.A. Unique microphotography illus- 
rates how a simple animal responds to different changes or stimuli. 
(Intermediate) 


Envir 
"vironment and Survival (10 min.), F.A. A study of the problems of sur- 


Vive oe es 
‘val faced by a trout in a rocky stream. Highly developed instinctive patterns 
termine its habits. (Intermediate) 
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tilmstrips 


Science Reading Table 


Habit Patterns (15 min., black-and-white), McGraw-Hill. Shaws tha ne 
and personal advantages resulting from early formation of orderly gate 
tematic habits in contrast with lack of advantages in a person who er 
developed such habits. (Junior Hig 


i x z re that ani- 

Behavior in Animals (14 min., black-and-white), McGraw-Hill. Shows that aik 

mal behavior is the organism’s overall reaction to its external and ger 
environments. Levels of behavior shown; simple reflexes and condition! 


responses. (Junior High) 


Behavior of Living Things (40 frames, bl merit 
sents biology in terms of broad generalizations accompanied by gue : 
illustrations and examples. Shows that animals lower than man seem capa h) 
of working with ideas to a limited degree, (Junior Hig? 


ack-and-white), McGraw-Hill. Pre- 


What Is Behavior? (48 frames), McGraw-Hill. The way that living things ygs 
spond to change is called behavior; examples are given of inborn oat 
of simple reflex and conditioned reflex. Man acquires new habits throug 
learning. 


(Junior High) 


Having books on a reading table in one part of the room for free 
reading investigation from time to time is 
mentary science. Many titles are avail 
published. The ones below h 


° All About Biology by Bernard Glemser, Random House, 1964, The three parts 
“The Beginnings of Life,” “Some Great Discoveries in Biology and Anim® : 
of One Cell,” and “Animals of Many Cells,” barely Suggest the extensive OY” 
erage of this remarkable book. Excellent photographs, (Averag® 

°All About the Human Mind by Robert M. Goldenson R 
Describes how personality develops, how the 
have as they do, and how mind and bi 
human mind are compa’ 
tionship to the mind, 


andom House, 1963 
brain works, why people 

ody work together. The animal a 
are discussed in re! 
(Average 


udes information on the languag 
ation of turtles, and the amazi a 
any other animals. ( Averaé 


) 


Coral Reefs by Lois and Louis Darling, 


Pr 
World Publishi . The m” 
and barrier reef. j rung, 1903 d 


iga 3 s and atolls— ibed. Inclu g 
also is information about plankton, the coral pol ee 


in! 
YPS, sea anemones, echi 
tebrates 


and their interdepende”?) 
(Advancé 
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The Courtship of Animals by Millicent E. Selsam, Morrow, 1964. Courtship 
among fish, amphibians, reptiles, birds, mammals, insects, and spiders is de- 
scribed. Includes recent research and many illustrations. (Average) 


How Smart Are Animals? by Helen Kay, Basic Books, 1962. By studying the 
behavior of animals and the ways in which they learn, psychologists have 
found out a great deal about human learning. This book tells of experiments 
to learn more about the intelligence and learning abilities of dogs, cats, rats, 
birds, elephants, dolphins, chimpanzees, and other animals. (Average) 


The Language of Animals by Millicent E. Selsam, Morrow, 1962. Findings of 
experimentation in animal communication are described. Studies of mammals, 
frogs, snakes, alligators, birds, and insects are included. (Average) 


The Strange World of Animal Senses by Margaret Cosgrove, Dodd, Mead, 
1961. Explains some of the development of senses up through the various 
groups of animals. The senses of touch, taste and smell, vision, hearing, sets 


of senses, and the sixth sense are considered. (Advanced) 


°The Tale of a Pond by Henry B. Kane, Knopf, 1960. A full year’s cycle of the 
interrelationships of plants and animals in a pond, on its surface and in its 
depths, is told by a careful and patient observer. Excellent photographs sup- 
plement the narration. (Advanced) 

Wonder-Workers of the Insect World by Hiram J. Herbert, Dutton, 1960. Ac- 

tivities of the insect world described in this story include closeups of life 

cycles and accounts of the skill, ingenuity, and adaptability of fourteen in- 

dividual species, Contains a wealth of information and exciting reading. 

(Advanced) 

In addition to planning in advance for films, filmstrips, and books The Classroom Laboratory— 
for yourself and the science reading table, it is well to check beforehand Assembling and Organizing 
On materials you have available for demonstrations and investigations. Materials 

hroughout this Teacher's Edition, marginal notations are given under 
the heading “Equipment and Materials” wherever an investigation is 
Suggested to supplement the work of the pupil's textbook. These materials 
are usually readily available in the classroom or easily obtainable by 
Pupils from local or home resources. 

_ The pupil’s textbook, Concepts in Science 6, includes a number of 
MVestigations, indicated by a blue tint on the pages on which they occur. 

e equipment needed is listed at the beginning of the investigation. 

e number of items you will need to have on hand depends on whether 
a ea to use the investigation as a demonstration or to have pupils 
io individually or in groups. For efficient investigating, materials 
à ild be gathered in advance or ordered, if necessary, from the school 
“pply room, 

a more fully described on pages F-17-18, a set of laboratory equipment 
Ses ee Classroom Laboratory 6, to accompany Concepts a ad 
Packa a available from the publisher. The materials are conveniently 
iiet Sed so that six groups of pupils may work on an investigation at 

Ime, An exception is that a few standard items, such as alcohol lamps, 
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(Text pages 4-1] ) 
SUBCONCEPT 


Behavior may be inborn and invol- 
untary. 


are provided singly. Most of the investigations in Concepts - ta 
can be performed by using these materials, which are the same s 
ilar to those suggested on the investigation pages. Not tion h 
the margin of this Teacher's Edition for each investigation hid y an 
materials are provided. If you have Classroom Laboratory 6, it eG d 
to refer to Part II of the Teacher’s Manual included in it. You a da 
suggestions for carrying out the textbook investigations and other 
vestigations that extend the concepts, 


: Sin A 
ations are given ! 


> INTRODUCING THE UNIT 


This unit is about learning. How do you learn? Certainly, when 
were born, you could not say a word. Until you started school, ee 
couldn’t write very much—perhaps only your name, You, and all othe” 
human beings, are able to use language. Were you born with this anny 
Language is a way of passing on what you have learned so that someone 
else can get along better—or help you learn more. Think of all the thing” 
you do during the day, and list them in two columns to indicate abilities 
you were born with and others that you acquired 
The list should tell you that most of the 
But how did you leg 


arn to do them? 
random and some educ 


as you grew older 
things you do had to be learner, 
As the pupils hazard guesses—son” 
ated—record them Without comment. You may 
wish to synthesize some of the responses with the pupils and reduce the 
list. In any event, you will have started them thinking, Pose the guer 
tion: Can any of these things be done perfectly, without thinking? Ho“ 
about others in the list? Did someone use language to pass on his n 
periences to you? What did you have to do? Ina word, how do you thi? 
you have been able to learn all you know in 11 or 12 years? — 5 
The chances random answers to the above 
to proceed with an organized develo?” 
and to encourage the pupils to oe 
same eventual goals for their work th! 
er school subjects as well. 


many 


Section 1: PERFECT—witHoy 


The pupil begins to understand some 


ining the behavior mechanisms of simpl 
their environment. 


T LEARNING 


; am 
of his own reflex acts by exa! 
°F organisms as they respond 
Introducing the Concept 


Ji Ji i jê 
Do we have to learn everything we do? Are there some actions “ 
can do without thinking? Pupils’ suggestions develop thô; 
chalkboard lists: INBORN (unleamed ) ACTS and LEARNED ACTS They m? 
T-6 
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Suggest some inborn responses that are actually automatic (learned) 
habits; but do not be concerned with that at this time. You may wish, 
also, to set up a third column of actions that pupils do not agree upon. 
What kinds of actions do we do without thinking? Or do we have to 
think about everything we do? 
Now refer the pupils to the beginning of the lesson and let them 
engage in the investigation on text page 5. 


Developing the Concept 
Reflexes and instinctive behavior. After the investigation, pupils may 
read the text through “Inborn Acts in Animals.” They may need further 
help in clarifying the differences between reflexes and instincts, and 
between instincts and intelligent action. A reflex is a simple response to 
a stimulus. What happens if you touch the antennae or the soft, foot part 
of a Moving snail? (It withdraws into its shell.) Pupils may suggest other 
animals sensitive to touch—or to light or sound. What are some compli- 
cated acts that animals, such as birds and insects, seem always to do in 
the same way? Compare the withdrawal of the snail—a relatively simple 
act—with nest building, a complicated series of acts, sometimes called 
instinctive behavior, S r 
Are birds, spiders, or ants intelligent? Or is their behavior a series of 
complicated reflexes? Why? (Intelligent behavior requires thought before 
a response is made.) The point you may wish to make, through discus- 
sion, is that any behavior that can be modified is not completely inborn. 
an you modify heartbeat or the digestion of food by thinking about it? 
_ An organisms communication system, What makes you tick? What 
'S inside your body that helps you respond to stimuli? (Brains and nerves.) 
© simple animals have nerves? Encourage the pupils to read about the 
dra (text pages 7-9). They learn that the hydra has no brain, but a 
herve net that gives it the capacity to be “irritable” to its environment. 
© make the analogy with such an organism’s nerve net, try to obtain a 
'Scarded printed circuit of a radio set. Pupils may be able to help you 
cate one in a TV or radio repair shop. Be sure that they clearly under- 
Stand that nerve impulses and electric currents are not identical, For 
aa mple, electricity travels through wires at a speed of several hundred 
on per second; nerve impulses average about 400 yards per second 
vs Miles per minute, R 
ae Jellyfish is related to the hydra, What kind oF Se eer hoi 
: uld it be likely to have? (Nerve net.) Interested pupils may d a F 
wig rella model after viewing a picture of — apak SE a 
a, oe hanging from the outer rim. A Hae : e he a 
ent ‘ein wire and the tentacles with lengths eh E E ons 
visted ret ne Da iade af heavier wine dt SEG : the thinking of the 
Pupils together. (In review of earlier work, or to tes aede eat 
ie en the beginning of this year’s work, you may dildrensas well 
On the advantage of making models. They help children—as we 
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Responses to stimuli may be simple 


or complex. 


Processes emphasized 


Model building 


Explaining 


Observation 


Theorizing 


Investigating (and designing) 
Analysis of experiences 
Hypothesizing 

Library research 


Living organisms have structures that 


enable them to respond to stimuli 


in their environment. 


Equipment and Materials 


++. Wire 
weight) 
++. yarn 


(ight 


and 


heavy 


Equipment and Materials 
.. seeds 
.. plastic Petri dish or glass 
plates 
. . blotting paper 
.. milk carton 
. onion sets 


Equipment and Materials 
... land snails 

... food for snails 

-.. broom straw 


Equipment and Materials 
... Sticks 
. . Straw 
. thread 
.. earthworms 
. +. paper toweling 
. . flashlight 


as scientists—explain something that is not easily seen or otherwise de 
monstrable.) As the jellyfish swims, it controls muscle cells by po i 
threads extending from the main ring. What if the jellyfish had no nervou 


5 ti i 
system? (Its parts would be unable to work together in response to stimul 
from its environment. ) 


Extending the Concept 


Can reflexes be changed by a different stimulus? Wh 
you taste a lemon, a sour pickle, a choke che 
mouth puckers.) As you mention these ; 
some pupils’ faces may pucker or they may shudder, even without seeing 
or tasting. Is their response to the words learned or inborn? ( Learned.) 
Is the puckering response to tasting learned or inborn? (Inborn. ) What 


change in the response has taken place? (Words have been substituted 
for tasting.) 


at happens when 
$ 7 9 (The 
ITy, Or a persimmon: 

—or other sour-tasting substances 


Do plants always respond to stimuli in the 
rather than reflex is generally used for plants, but the concept of respons? 
to environment is valid, Pupils may sprout seeds inside a plastic Pet! 


ass squares tied or taped over wet blotting paper. Every 
few days give the container a quarter turn. Ho 


Always toward the earth? (Yes.) Ever away from the earth? (No.) pur 


a milk carton ee 

a pane of glass. eae 

c the glass side darkened with cloth ° 
thick paper to promote root growt glass. 

ei ss to land snails, set one 0” 

a pane of glass, sprinkling the snail ]j water, When it starts 

x d 

an apple core, or ghe 

e snail moves toward thé 


Pe -opism 
same way? The term trop!s 


its shell. ) Repeat, timing the response u 

i, eg., light, textur i seho 

substances, such as salt, OEMs atid hoas 
Are all ski 


i €eping? (The paw 
Complexity of inborn be 


complexity and perfection 


ildren ma: 


y also rep 
to light. 


ort their own observation’ 
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An earthworm’s nervous system. An interested child may wish to in- 
vestigate and report on the nervous system of the earthworm, which is 
more complex than the nerve net of the hydra. He should consult a high 
school biology text. He may also be ingenious enough to build a model 
with beads and wire showing the nerve stations of each segment, and 
their connections through the length of the animal. 


Reviewing the Concept ; a 

Suggested answers are provided, unless they are the result of a papie 
investigation. Obviously no fixed or, sometimes, even approximate answers 
can be given for “On Your Own” activities. Any approximation of s 
answer provided in this section should be accepted if the pupil's 
response indicates knowledge of concepts or information. 


Before You Go On. Alka 2a3b 4a 5. b 6. b ha ae 
9.b 10.a B. The idea to be included is that a stimulus is a change in the 
environment; a response is an attempt to adapt to the change. 


Using What You Know. 1. Tennis-playing is not an inborn act. Good eas 
takes practice, Peter may have inherited the body frame from his father, 


but not ability without learning. 2. A nerve net. 


On Your Own. The stems will turn towards the light, an inborn mee = 
plants, Any change in direction of growth will be due to changing their 
Orientation to light. 


Section 2: FROM THE HYDRA TO SIMPLE LEARNING 


i i i, make the 
The pupils, by studying simple responses to ms —_ pe ‘ : 
rst steps toward appreciating how learning is an adaptati Q 


8anism to its environment. 


Introducing the Concept 
Possibly the most useful introduction to an nig ee ei 
*esponse behavior is to involve the pupils at once in the knee-j cad 
other reflexes (directions for which are given in the investigation aes 
ginning of the section). After they have had sufficient a 7 
to try out the reflexes involved, encourage them to raise ques ; 
e following questions are not proposed, initiate discussion. ai 
hat kinds of activities must living things perform to ay lees ah 5 
environment? What kinds of structures (organ systems ) om pa g 
ings in touch with the environment and enable them to respond? a 
hen before, or concurrently with, the following suggestions, encourag 
reading of the section while thinking about the above questions. 


appreciation of stimulus- 


D , 

Wwa E a Reet do persons work to- 
ith what structures do we communicate? How op S ai 
Sether? (They communicate; that is, each individual is resp 
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Equipment and Materials 
... beads 


... Wire 


(Text pages 10-11) 


(Text pages 12-21) 


SUBCONCEPT 
Behavior consists of responses to 
changes (stimuli) in the environ- 


ment. 


Processes emphasized 

Reading 

Analysis of experiences 

Discussion 

Hypothesizing 

Investigation (with design of ex- 
periment) 

Making inferences 

Categorizing 

Predicting 

Explaining 

Model building ( inventing) 

Observation 

Theorizing 

Reporting 


An organism's specialized structures 
enable it to interact with the envi- 
ronment. 


Equipment and Materials 


... parcel post twine or picture 
wire 


A response may be changed by sub- 
stituting a new stimulus and asso- 
ciating it with the original stimulus. 


Equipment and Materials 
+». picture wire 
».. uncooked macaroni 


other individuals through his sense organs.) Wh 
that enables you to sense your environment and 
How do the cells in your finger work togethe oni 
ject? Encourage “reading” of the diagrams of the nervous system i f 
of the structures of nerves (text pages 12, 14, and 15). Pupils may 9e 
concerned about scientific terminology. Be sure they realize that a neuron 
is the scientific term for nerve cell, but that a nerve is a bundle of nerve 
fibers leading from one part of the body to another, Each bundle frays 
out at the end so that individual nerve endings are in contact with othe! 
kinds of cells—skin and muscle cells and other nerve cells, for example: 
Picture wire, or parcel-post twine, frayed out at the e 

How can the kinds of nerve 


ave 
at system do you have 
do something about n 
r if you touch a sharp ob 


nds, is a useful model 
cells be recognized? It will be worthwhile 
to point out, if the class does not readily see it, that the nucleus of 
Sensory nerve is along the fiber outside the spinal column. The nucleus 
of the connecting nerve cell and of the motor nerve cell is inside the 
spinal column (or the brain), The illustrations on the text pages shoulé 
clear up any confusion between the types of nerve cells, How do thé 
three kinds of cells work together in a reflex? In wh 
useful to you? (Blinking and pulling a 
from injury; breathing and heartbeat maintain body functions; ete.) 

Can a reflex be changed? Before the pupils read text pages 16 and 17, 
encourage sharing of experiences they may have had with pets. Most 
pupils have turtles or goldfish, dogs or cats, hamsters or reptiles. Have 
you trained your pet to do anything special or unusual? How did yo" 


do it? If the classroom has an aquarium, the investigation into the trai?” 
ing of a fish can be planned and carried out c 
that a regular plan be agreed upon and fı 
results. Pupils may wish to design an inve 
havior of their own pet at home or tr. 
should first submit their plan, and t 
or a week later. Enc age comparison and an 
method in the light of sti 


ct 
s the S$- d (te* 
page 18) developed? What ki as the S-R bond ( 9 


m does your pet pars 
pes of nerves.) Which do you think would be easié 


an earthworm? Why? (Hydra has a simple nerv? 
as a more developed nervous system. ) 


. -eflex 
at ways is a refl s 
i sct yO 
way from a hot object protect y 


Extending the Co 


ncept 
Modeling 


a sensory nerve, pa 
the long threadlike fibers fro” 
r dina protective sheath. To re?” 
Pupils may thread many-stranded picture wit® 

i, fraying out the ends of the wire. qhe 
er drawn by a pupil with drawing 7 


resent a motor nerve, 
through le 
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artistic ability. The poster should show the muscle cells to which the 
wires lead, If the complete reflex arc is shown, encourage pupils to 
devise their own design for the connecting neurons and the sensory neu- 
rons. These may be modeled or drawn; the sensory nerve should of course 
be shown leading to skin cells. 

Investigating methods of training. A number of books about pets have 
been written expressly for young people, and most veterinarians have 
Pamphlets on pet care furnished by pet food manufacturers. Pupils may 
investigate the stimulus-response mechanism in relation to care and 
training. Many communities have obedience classes for dogs, and some 
Pupils may have sent their pets to one of these schools. How do such 
classes get results? How are circus animals or animal actors trained? 
What makes some persons better trainers than others? Encourage car- 
toon drawings or other illustrations to accompany reference-reading. 

Investigating irritability. If live earthworms are available, place one 
On a moist sheet of paper. Using a pencil point or a broom straw, in- 
vestigate response to the stimulus of touch. How will an earthworm 
respond to light? Encourage children to devise their own investigations. 
Those who are fishing enthusiasts may be able to give a hint in answer 
to the question: When is the best time to find earthworms? How does 
an earthworm respond to pulling? (Its motor nerves stimulate muscle 
cells to hold the bristles [setae] on the worm’s underside so that they 
OPpose a pull.) Pupils may suggest irritability in other animals. Encourage 
Mvestigation and reports, but stress avoidance of harming the animals. 


Reviewing the Concept 


Before You Go On. ALa 2b Ba tb BA 6b Ta &a 


Using What You Know. 1. The response of getting up became associated 
with the chores which the boys considered a punishment. A good breakfast, 


Assoc g av the boys out 
associated wi sti - of the bell, would have gotten ys | 
with the stimulus of ‘hy he is punished; he therefore 


of bed, 2 TI rstand W 
- 2. The dog cannot understanc és À 

rr shew is a stimulus (a 

associates the punishment with its giver. The bone to chew is a stimulus ( 


Pleasant one) that is substituted for the wood-chewing stimulus. 


Section 3: YOU LEARN A “NEW” BEHAVIOR 

Pupils e 
‘Ormed 
™ le 


habits and investigate how they are 
f 


xamine the usefulness of } 
gap te a goal plays a role 


- They begin to understand that insight into 
arning, 


Intr 
Sducing th 
e Concept 
if y ugh 
l are some things you would like to do if you only na a oh 
learn How many of these things do you know how to do now? ae y = 
" how to do them? How many would you have to learn to do! 


TEA 
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(Text pages 20-21) 


(Text pages 21-32) 


SUBCONCEPT 

Habits and learning result from in- 
teraction of inherited structures with 
stimuli. 


Processes emphasized 


Observation 

Investigation (with design of 
experiment) 

Insight into problem solving 

Discussion 

Explaining 

Reading 

Hypothesizing 

Prediction 

Reporting 

Theorizing 


Habits are learned acts that have 
become automatic. 


Equipment and M aterials 


See text page 25 and also the 
Teacher’s Manual for Classroom 
Laboratory 6, 


Past experiences Provide 
into methods of solving a p 
and achieving a goal, 


insight 
roblem 


Equipment and Materials 

+..a ring of assorted keys 

.. . a locked box or cabinet 
-6 small triangles that will 
fit together to make a large 
equilateral triangle 


(For the investigation on text 
page 29, see also the Teacher's 
Manual for Classroom Labora- 
tory 6.) 


example, you might like to ride a bicycle or a horse. Are there ere 
things you do that take a lot of time? How could you save time tox t 7 
things you most want to do? These questions may open up a discussion 
of the usefulness of learning how to do things as if they were aptemalsi 
i.e., the usefulness of habits. Once this discussion is launched, ask: mee 
many habits have you learned? What steps did you have to go through 
to learn them? It may come as a surprise that getting dressed is a hast 
or that using a knife and fork is a habit. (The pupil's text discusses oa 
habit formation. Changing of bad habits to good habits is suggeste 
under “Extending the Concept,” opposite page. ) 
placed on the chalkboard for discussion 
How did you form the habits you 
habits? How do you learn from experie 


These questions could be 
and investigation: 

have? How can you form new 
nce? 


Developing the Concept 

Unlearned or learned. You blink your ey 
you have to learn to do these acts? ( 
they are reflexes.) Were you born with the 
your shoelaces? Tie a necktie? Do you 
(Yes.) “How come?” as your pupils would say. ( 
Recall that a reflex i 
are brushing teeth 


everything you do? 
“Learning About 
about habits by performing the 
initiate planning for the investi 
t down the steps in which they 
ide a bicycle, tie a necktie or pi” 
also try to dramatize the steps: 

- Prepare in advance and han 
uld be ideal for each 
arge triangle? After allowing " 
each a solution, ask: What was 


What was needed in all these situations? (A goal and some experience 
or information.) Can you ever solve a problem without some idea of the 
answer? (No.) Can you solve a problem without information or expe- 
rience? (No.) Can you do an investigation in science without knowing 
what you want to find out? (No.) Can you do it without information? 
(No.) Where do we get our information? (From others; by talking or 
reading and by storing what we learn.) This may be a good time to raise 
a question for the pupils to think about before studying the next section: 
How do habits help us learn information or how to do something? How 
can habits hinder us from learning? 

Importance of understanding in learning. Select a sentence, or a 
couplet from a poem, and write the words one above the other in Col- 
umn A. In Column B, write the words in jumbled order. Keep both 
columns covered until you are ready to begin this activity. Uncover 
Column B and allow about three minutes for memorization. How many 
succeed? Now uncover Column A. How many succeed in the time al- 
lotted? Why? Elicit that understanding of language is important. How 
does understanding of what is expected apply to training a dog to fetch 


a ball, for example? 


Extending the Concept 
How do infants learn? Boys and girls in the class who have baby 


rothers or sisters may organize a panel discussion. This might include 


the age at which a baby follows a light with his eyes, reaches for a 
Tattle, lifts a cup by the handle, throws a ball, starts to creep, says a 
few Words, starts to walk. How did he learn to do these things? How 
Many were the result mainly of conditioning? of goal-insight? Do you 
ae the baby has formed habits by the time he is a year old? two years 
old? 

Investigating “flashes” of insight. Perhaps you have heard your father 


say that he got an idea while he was shaving or your mother an idea 
While she was cooking. Have you ever tried to do something—ice skate 
oot a basket—and found you could 


Without falling. ri a bi r sh 
not? Then ee pe ea “hot” and had no difficulty. Select some 
Problem or activity you have difficulty with. Plan an attack on it and 
=i at it. Does a time come when you get a “flash” as to the answer? 
hen did you get it? How long did it take? Devise a way to dramatize 
Your experience for the class. 
baer aa unlearn a habit? A habit may be good fas me ete cin 
Us fr © a bad one? (It may waste time, make = a 1S me apes. p 
es hia learning.) How can we change a bad habit? 0 course, no pupi 
eee be asked to display bad habits of which he is self-conscious; this 
time T should be strictly optional after discussion. Not ie, ed on 
Safe > Deing late to school, talking aloud in class, and similar habits are 
to explore. As many students as wish to participate may select a 


abj : : ia 
bit and investigate how they might change it, practice their plan, and 


TRA 
CHING SUGGESTIONS T-13 


~~ 


(Text pages 31-32) 


(Text pages 32-37) 


SUBCONCEPT 


Learning is improved by the devel- 
opment of efficient habits of study. 


Processes emphasized 
Consulting “experts” 
Observation 

Analysis 

Discussion 

Investigation 
Hypothesizing 

Theorizing 

Designing an investigation 
Prediction 


Inferring from observation 
Planning 


Achievement of a goal involves in- 


sight and requires making of defi- 
nite plans. 


Development of a habit requires 
Practice, 


report progress after two or three weeks. Or they may devise an et 
tigation using fish and an aquarium. If the fish are trained to came pe 
corner of a tank for food when a light is shone on the water, oe 
response be changed so that they will come for a tap but not for light! 


Reviewing the Concept 


Before You Go On. A. l.a 2b 3. a 4a 
Using What You Know. 1. Pupil's answers. 
clude the pleasure of sharing with 
making change (goal-insight) in bu 


5. b 


m in- 
2. A sample answer might in 
another (conditioning) and usefulness 


ying a baseball glove. 


Section 4: MAKING LEARNING EASY 


Children come to the r 
skills is dependent upon 
habits are an application o 


and 
ealization that their grow si 
developme 


f condition 


th in knowledge a 
nt of good habits of study. The 
ing and insight to a goal. 


Introducing the Concept 


What do you want to be, or do, when you 


5-term goal, ev 
How 


are grown up? Each pupil 
en if it may be unrealistic, par 
are you going to get there? You may one 
ction, to encourage pupils to ask their P* t 
ents or another relative what employers ask on a job application form at 
ndidate. Their reports may then show “a 
rm goal into shorter-term goals related 
ts, d 
r goals be in school work? How will 0° 
ore efficient? What are some useful habits t° 


Developing the Concept 
Planning helps. On 32 are fiv : ine 

: e questions, 2 them 1, 

volve planning? That is, how m pe ee ? 


sta goal to be achiev® i 
d you state question and why is i? 
For example, a go idy each day?” might B 
dy one hour ever an to practice each day: 
anning. Do some of # 
example, having a praa 
g the process of reachi”! 
f£.) What theory of hab 
anning? (Goal-insight. ) ang 
Mportant role in the hiri”? 
SO are important if a person wishes 
e key word is study. What kind ° 


place and the pro 
the goal as well 


T-14 


UNIT ONE / LEARNED AND UNLEARNED BEHAVIO® 


habits can you develop that will help you study better? What kind of 
shortcuts in studying will make your study habits more efficient? In order 
to answer this question, consider the role of conditioning. Can you condi- 
tion yourself to study the same amount of time each day? What effect 
will this type of conditioning have on developing study habits? Compare 
with studying whenever you feel like it. What interests are likely to 
interfere with studying a regular amount of time? Perhaps you like to 
play tennis—or some other game:that requires skills. How do you become 
a good player? What relationship is there between studying and a game? 
To investigate the importance of practice in habit formation, encourage 
children to carry out the investigation on text page 33. 
The surroundings help. Do you think that tapping on a fish tank, shining 


1] instrument, all while you are trying to feed 


a light, and playing ; sier 
playing a musica pee 
fish in an aquarium, will train fish to come for food faster? Could you 
another ball and expect him to 


throw a ball as your dog is bringing back 
keep the tasks separate? You can design an experiment to find out, but 
We can tell you that doing one task at a time gets better results. Can you, 
or example, study science while a news report is being broadcast over a 
radio? (Some persons can study efficiently with background music, but 
Conflicting activities tend to cancel each other out.) Pupils can design 
an investigation into distractions to habit formation by carrying out the 
Memorization of a few stanzas of a poem, as suggested by text page ap. 
Why does the best studying take place when there is only one stimulus? 
“ncourage children to examine this question in the light of S-R bonding. 
Comfortable equipment helps. Suppose you 5 bap 
to play tennis or baseball, When you reach the court or the diamond, you 
nd neither of you has brought tennis balls or a baseball glove. Can you 
Practice tennis strokes or knocking up fly balls? W hat do you = alee 
you are studying? (Obviously, pencil, paper, textbooks, and other equip- 
ment, depending on what you are studying. ) Can you Play tennis Mia 
itis Setting dark? Can you study without good lighting: Can you be rite 
* report without a desk or table to support your pad? If your sage iy too 
OW for the table—or too high—can you work well? Or are you a 
Ortable? You can design an investigation into how well you wi y. or 
“sample, try studying with improper lighting or wearing = ae m 
“Warm room, How do the physical conditions affect your study habits: 


o 7 r a 
li Make a floor diagram of where you study at home. W aiai pis 
ights? What sources of noise or other distractions are there? here 
you pl need? Not all of you can 


‘ace your books or other tools you may ; E ia 
ave ideal study conditions. Draw up @ plan that you thin 
800d for you. Then plan how nearly you can come to com Se 7 
Seen’ these are the needs for developing good study na iSe 
taie Take a plan of the activities you engage in, OF füme for dressihg, 
eati & the day. You will set aside a certain amount OF U on ieee 
ng, S0ing to school, games, and so on. How much time y é 


and your friend are going 
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Trac 
MING SUGGESTIONS 


Development of a habit requires the 
proper conditions and surroundings. 


Good study habits require the 
proper tools, equipment, and sur- 
roundings. 


Pupils infer that development of 
good study habits results in more 
efficient learning. 


left for study? Most persons complain the es 
does having a goal save time? How does planning save time? Practice! 
Surroundings? How are these related to what you have learned about 
habits? That is, how can you become more efficient? You may wish tO 


à : ; f sarn 
consider whether studying with a partner will help both of you leat 
more quickly or help you learn r 


ime. How 
y never have enough time. Ho 


ate on the advantages and disadvantages 
to explore, Encourage the pupils to make 
nt use of study time, letting them have 
if they wish, ' 
and other questions. If you have approache¢ 
ssion first, pupils may now read their text a? 

thoughts. In any event, encourage relation” 


with the theories of conditioning and go 


at would you dot 
tion? (No. ) Why not? (Before we ©? 

: nto the way to arrive at the goa’ 
quickly? Some individuals follow 
ese questions: 7 
o help with the present problem 
leaves to fall from ani g? Did too much watering caus 


2. Have others h 


nd work to carry it out.) k 
much information that t00 


animals tell time? (See Animé 
k port how 


set down the times they think they do their best work. Check oral tem- 
peratures upon getting up and at intervals of 3 or 4 hours, until bed time. 
Is there any relationship between body temperature and time for best 
work? 

Built-in time clocks. Do you wake up regularly at the same time with- 
out being called or using an alarm clock? Do you know persons who do? 
Do you know persons who can judge the time of day with fair accuracy? 
Can you? How do you explain it-from practice, eating habits, telling 
time by the sun, or some other way? Animal Clocks and Compasses gives 
interesting information about a “time sense” in animals. 


Reviewing the Concept 


Before You Go On. Pupils’ answers. 


Section 5: THE MAIN CONCEPT: CHANGING 
THE ENVIRONMENT THROUGH LEARNING 


The pupils apply the concepts they have been studying in a = re- 
View of the responses of all living things to their surroundings. A niong 
all living things, only man—and perhaps, to a limited extent, a few ot i 
animals—has the capacity to react to the environment a pa 
‘sight; that is, man through his heredity has the capacity to learn an 
to'change his environment by applying his knowledge. 


CONCEPT summa l l 
From earlier ne science, the pupils draw from experiences : give 

em a larger view of how learning will help them adjust to ana iar s 
their environment intelligently. Since the pupils have some momen 
background, you may wish, first, to explore preconceptions through dis- 
cussion of the questions in the margin, allowing the pupils to attempt to 
elate and extend the concepts of the unit. Create, if you San, 2 gues 
tioning attitude toward their experiences. Then follow up with ag 
reading for Verification, interpretation, generalization, and — iza- 
l on, Encourage Formation of questions for which further o servation 
and data are desirable, If you can begin the development of a ae 
attitude, a healthy curiosity, and a desire for learning, ey “int a 
he nda exciting for you and the boys and girls that you 

ur c arge, ; 

ants, shane, and climate. Invite discussion of environment and ask 


Or examples. Is the environment of a plant the same as that of an —_ 
o different kinds of plants have special environments? itary s ee 
Whee aal environment? Illustrations attached to the = i in pn 
ich shirts are packaged when they are returned from the laundry 
Placed in the chalkboard tray for discussion of specific environments. 


Tra, = 
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i 


(Text page 37) 


(Text pages 38—45) 


CONCEPTUAL SCHEME 

Living things are interdependent 
with one another and with their 
environment. 


UNIT CONCEPT 

Living things are adapted by 
structure and function to their 
environment. 


Processes emphasized 
Observation 

Discussion 

Analysis of experience 
Concept forming 
Theorizing 

Prediction 

Reporting 

Categorizing 
Inventiveness 


What is environment? 


Equipment and Materials 


++. pictures of plants and ani- 
mals in their habitat 


What does interdependence mean? 


What does adaptation mean? 


What specific adaptations do you 
have that help you extend the use 
of the environment beyond that of 
other living things? 


How has your learning improved? 


Encourage pupils to aid in the collection o 
environments. Does climate—rainfal] 
ture, and other factors—influe 
This review of the pupils’ e 


f pictures showing unusual 
» amount of sun, elevation, temper 
nce the reactions of plants? Of animals’ 
xperiences leads into the next question. PR 
The needs of living things. On the basis of your study of living ee? 
and their environment, can green plants live without animals? aoe 
without green plants? What substances does each kind of living = 
take from its environment? How do the needs of living things affect me 
behavior; that is, their responses to the environment? (Plants pala 
to good soil, sunlight, moisture in their specific habitat; animals nep it 
to conditions and food in their environment.) Are you interdependon, 
with the environment? Give examples. Agi 
next question, „oll 
Favorable responses to stimuli. Do all organisms respond equally pe 
to the stimuli of a specific environment? (No.) Wh ss 
cite? ( No polar bears or penguins at the 


r . i A i sts t 
un, this discussion suggest 


«pan Y 
at examples can } 


nf ichi- 
equator; no palm trees in = se 

epe ne al i i i i r f ues 
gan; azaleas will grow well in acid soil, clover will not.) Do any of thes, 


plants or animals change their environment very much? (No.) Why pi 
(They are adapted by their structure to live in an environment, but oa 
are unable to change it, Therefore, they must live with it or cease ©” 
exist.) Is man adapted to his environment? Could he live without process” 
ing his food, clothing, and shelter? Can he live in the air or in the wat 
without special aids? This question leads to the next big idea. in 

Are all organisms equally adapted? What Organs enable a fish to live in 
the water? (Fins and gills.) What organ enables birds it 
in the air? (Wings.) C 


an you spend an hour unde 
(Yes.) What organ enables you to do these 
living things have a brain, too. How is your 


ee? (It is able to store 
changes in the enviro 
might be held on the qu 


A yu 
estions: What reflexes (inborn behavior) do Y4 
nvironment? What ha 


help you ch 


and insects to liv 
rwater? Or in the a 
things? (The brain. ) othe 
brain different from that T 
what is learned, and to 48 


a sma 
erceptions by suggesting they look for anim 


eth, keener eyesish 
» More resistant body ee, 
ability to think (goal-insigh 
> airplanes and rocke i 
ul observation to avoid ov? 


P 

r? 
than you did last a 
tioning, imitating oua 
perhaps a hard questi 


es, condi 
anning? This is 
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to answer. Select one thing you do better now. Try to analyze it in terms 
of the ways persons learn. 

Can you learn all by yourself? Only man has a highly developed system 
of communication by means of which he can share with others what he 
has learned. Where do your ideas come from? (From reading, discussing, 
as well as thinking.) For example, in this unit you have studied how an 
animal’s inherited stimulus-response enables it to adapt to the environ- 
ment, What structures do you have that enable you to keep in touch with 
your environment? List these in one column. What kinds of activities do 
these structures enable you to do? (Do not overlook speaking and writ- 
ing.) List these in a second column, In a third column, check the activities 
a pet, such as a dog, cat, or turtle, can do in relation to those you have 
listed in the second column. How do you account for the differences? 
How much could you learn if you had only reflexes? If you could be only 
Conditioned? If you could only imitate someone else? 

Planning for the future. Encourage pupils to consider how they can 
make the best use of their knowledge of habit formation and environ- 
Mental conditions to draw up an effective time plan for good learning 
during their year’s work in science. They should include time allotment 
for study, practice of skills, observation and investigation, seeking expla- 
Nations, reading, and talking with others—among possible activities. 
You will probably wish to discuss this plan individually with each pupil 
aS part of your guidance function as a teacher. 


FIXING THE MAIN CONCEPTS 

Some of the activities depend on individual investigation. Answers can- 
not generally be provided for these; expected answers, however, are pro- 
vided for activities that are based on the information in the pupil's text- 
book, Any phrasing by the pupil that indicates understanding of the 


concept should be accepted as satisfactory. 


Testing Yourself. 1, Offer food each time the bell is rung and at no other 
time, Caress or compliment the pet. In time, ringing the bell will be suffi- 
Clent. 2. The dog likes its mistress; her coming out is a reward and the 

°8 stops howling. To correct the habit, bring the puppy indoors, give a 
reward, such as a comfortable bed, and pet it. Do not give it further alten 
tion if it howls, It will associate attention with its bed and not with howling. 
3. Offer food with the tapping. 4. Goal is to shoot baskets properly; in- 
Sight is a plan for achieving the goal. 5. Yes. The better student has 

oth a goal and a plan (insight). 6. Good habits save time; good habits 
pake learning easier; good habits improve your grades. Evidence vee 
clude regular time for study, good surroundings and the right tools, regular 


re ic, n 5 $ abits. 
Practice, avoidance of distractions. These are involved in e ape 
ore efficient study can take place in less time. More time for study can 


Mprove grades. 


Qui 
“STE te 2d oh 4b RD 


i 


6.d 7d 8&c 9b 10.b 


ve 
MING SUGGESTIONS 


(Text pages 42-45) 


The elephant is stronger than man; 
but man invents a derrick and a bull- 
dozer to exert more force than an ele- 
phant. Man cannot move a mountain, 
but he builds machinery that can. 

Man cannot fly; but, with his brain 
and hands, man builds airplanes in 
which he can fly faster than any bird. 

Man cannot live under water; but, 
with his brain and hands, man builds 
a nuclear submarine in which he can 
live under water and travel farther 
than any fish. 

Man cannot swim the ocean; but, 
with his brain and hands, man builds 
a ship to take him across. 

Man cannot see in the dark; but, 
with his brain and hands, man has 
harnessed electricity to light his way 
at night. 

Man can learn; and because he uses 
his brain and hands, imagination and 
skill, man can do what no other kind 
of living thing can do. He thinks and 


plans and changes the world. 


LEARNED AND 
UNLEARNED 
BEHAVIOR 


You are doing a remarkable thing and thinking nothing of it. What 
do you think it is that you are doing that is so remarkable? No other 


kind of living thing can do it. 


You are reading a book. In doing so, you are using an organ in your 
body as no other kind of living thing can. That organ is the brain. 


Porpoises and other animals can be trained to perform rather com- 
plicated acts, and we consider their performances to be remark- 


able. They cannot compare with man’s achievements. 


Look around you; read the newspapers; watch television; listen to 
the radio; and make a list of man’s achievements. The list would 
include: paper, pens, and pencils; bicycles, automobiles, trains, 
airplanes, rockets, and spaceships; schools, hospitals, and churches; 
telegraph, telephone, radio, television, and radar; eyeglasses, mi- 
croscopes, and telescopes; languages, mathematics, poetry, music, 
and art. All of these are products of the most remarkable of all 


organs—the human brain. 


So man, with his brain and hands, imagination and skill, thinks 
and acts and changes his environment to satisfy his needs and 


desires, 


1. Perfect—Without Learning 


Watch a barn swallow or any other 


bird build a nest, (Look at the figure 
marked with the Square.) E Barn 
swallows gather mud, plaster it un- 
der the eaves of a building or in a 
barn, and line the nest with feathers. 
All barn swallows do it, yet they do 
not have to go to school to learn, 

Suppose you could know all your 
arithmetic, spelling, history, and sci- 
ence, without having to study. Just 
think how much more you would be 
able to do. 

Yet there are things you can do 
perfectly from the day you are born. 
Do you know what they are? 

Why not investigate to find out 
about some of the things you can do 


4 


without learning. The investigation 


on the opposite page is about one 
of them. 


Perfect Performance—From Birth 
No matter how hard you or your 
partner try not to blink, you will blink 
anyway without thinking about it. 
Blinking is an act which you per- 
form without having to learn how. 


Blinking is an inborn, or unle 


arned, 
act. Sneezin 


8, coughing, and yawning 
are three other inborn acts. 
Take a deep breath, and hold it as 


long as you can, If you have a watch, 
check the time. You wi 


Suppose 
and direct t 


You may think 


AN INVESTIGATION into the Things You Can Do from Birth 


Needed: a partner; a square piece of 
cellophane; and about six sheets 
of paper 


Crumple the six sheets of paper into six 
Paper balls.m Place five where your 
partner cannot see them, and keep one 
in your hand. 

Then ask your partner to hold the 
small piece of cellophane in front of his 
(or her) eyes and to look straight at 
you.@ Throw the paper ball gently 
against the sheet of cellophane. A Does 
your partner blink? 

Ask your partner to try very hard to 
keep his eyes open and not to blink, as 
you throw several more paper balls. Can 
he do it? 

Now exchange and have your partner 
throw paper balls at you. Try to control 
your own blinking. Can you? 

Did you have to learn how to blink or 
is blinking an act that can be performed 
without learning? 


Additional Investigation: What other 
acts can be performed without learning? 
If there is a new baby in your home, ob- 
Serve his behavior. What unlearned acts 
does the baby perform? i 
How do you know the baby’s acts are | 

unlearned? When do you think learn- 

ing begins? Record the first act that you 
think the baby learned to perform. 


Inborn Acts in Animals 
You may have watched birds build 


their nests. Does it seem strange to 
you that all eastern robins build nests 
that look alike: or that the nests of all 
mourning doves are the same? E The 
nests of all Baltimore orioles are alike 
and so are those of all broad-tailed 
humming-birds, @ More than that, 
birds build their nests the very first 
time they try, without having to learn 
how. Nest-building is an inborn act 
in birds, but it is more than just a 
simple reflex act, like blinking. 

Some fishes build nests. Their act 
of nest-building is inborn also. The 
stickleback, for example, builds a nest 
of water plants. Al] stickleback 
build nests and the nests of all stickle- 
backs look just alike. 


Nest-buildin 
a simple reflex 


8 is inborn; but it is not 
act such as yawning 


n you imagine buildin 
such a web witho : 
how? Try to make 


: à Copy of a spider’s 
web, using String. 


Webs of house spiders are different 
from those of the garden spider. If 
you can find the web of a house 
spider, look at it carefully to see how 
it is made. The webs are so fine that it 
is hard to find them until they are 
covered with dust. 

Just as each kind of bird builds its 
own kind of nest, each kind of spider 
spins its own kind of web. You may be 
interested to check this further by 
finding out how a trap-door spider 
builds its home. 

The important thing to remember is 
that such acts are inborn. They are 
fixed behavior patterns. 

Some unlearned acts are even more 
complicated. Have you ever watched 
a mother cat caring for her kittens? 

A group of psychologists (si-kol’a- 
jists), scientists who study behavior, 
wanted to find out if caring for the 
young is really an unlearned act in 
certain animals. They took a number 
of white rats away from their mother 
as soon as they were born. They kept 
the baby rats in separate cages, away 
from all older rats, until they were 
grown. 

When these white rats gave birth 
to their own young, they cared for 
them in the same way as any mother 
rat cares for her young; yet they had 
never seen it done. ® In rats, caring 
for the young is inborn behavior; but 
this is not true of all living things. 

What is it, really, that is inborn? 
Perhaps there is an explanation in the 
way the body works. We will use a 
simple animal to give us our next clue. 


Inside the Body (“‘Message” Relays) 
We begin by studying the body of 
a hydra. A hydra is a tiny animal 
whose nearest relatives are the jelly- 
fish. They live in streams and ponds 
where they hang from the stems of 
water plants. They are about a 
quarter of an inch long—and about as 
thick as a needle. 
+ 


Hydras will grow well in an aquari- 
um, but the aquarium will also need 
water plants, snails, and even tropi- 
cal fishes. With a lens you can study 
the structure and behavior of a hydra. 
You can watch its tentacles (ten’ta- 
kals), which seem to be like tiny arms, 
stretch out in all directions, © Hydras 
feed on small water animals. They 
can even catch tiny fishes. You may 
wonder how they do this. 

The pictures show a tiny water 
animal brushing against the tentacles 
of one of the hydras. The tiny water 
animal stops suddenly. ® It has been 
stung by poisonous darts. In the hy- 
dra’s arms are thousands of tiny 


poisonous darts, all coiled up, ready 
to shoot. A 


When an animal 
one of these tentacles 
out, and the animal 
anesthetized), 
sweep the an 
stomach wher 

The poison 


brushes against 
» the darts shoot 
is paralyzed (or 
Then the tentacles 
imal into the hydra’s 
e it is digested, © 


of the anima 


l 


er ts” 


body of É j 
water animal hA 
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ball (page 5). You turn to answer 
when someone calls your name. The 
sound of your name is the stimulus 
which causes a response. 

Once an animal brushes against 
the hydra’s tentacles, the muscle cells 
of the hydra’s body respond. They 
pull the animal into the hydra’s 
stomach. But how does the body 
“know” that an animal has been 
caught? 

Actually, the hydra does not know 
What is happening. Its body responds 
automatically because the “message 
is relayed throughout the animal’s 
body by a net of nerve fibers. The net 
of nerve fibers of a hydra extends 
throughout the animal. A hydra has 
No real nervous system such as the 
igher animals have and it has no 

rain, But even a tiny animal like a 
hydra has nerve fibers, and nerve 

ers carry messages. 

We shall call this “message” relay 
à nerve impulse. We are not sure 
what a nerve impulse is like; but 
Whatever it is, chemical or electrical, 
that travels along a nerve, it is calle 
* nerve impulse. 


Examine the picture of the nerve 
net of a hydra.@ Could you make a 
model of it? The loose weave in 
cheesecloth is very much like it. 
Imagine the body of a hydra with a 
net of nerve fibers arranged like the 
weave of cheesecloth. Somehow a 
stimulus starts an impulse along the 
nerve net so that the hydra responds. 

Although the hydra is a simple ani- 
mal, we still do not know exactly what 
kind of impulse the nerve net carries. 
Nerves and nerve nets, and the way 
they carry impulses, are the objects of 
much investigation. 
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A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. An example of an unlearned act is 


a. blinking b. tying a shoelace 


2. An unlearned, or reflex, act is 


a. inborn b. developed after birth 


3. The beating of the heart is a 
a. learned act 

4. Nest-building is 
a. an unlearned act 


b. reflex act 


b. a learned act 


. Nest-building is different from blinking in that it is a 


a. simple reflex act b. complex reflex act 


. In white rats, caring for the young is 


a. a simple reflex act b. an instinct 


- Nerve impulses in the hydra are carried bya 


a. nerve net b. stimulus 


8. A stimulus brings forth 


a. another stimulus b. a response 


9. A nerve impulse is carried along the nerve. The type of 
impulse, whether electrical or chemi 


cal, is 
a. known b. unknown 


10. The science that is concerned with the way living 
things behave is called 
a. psychology b. physics 


B. Write a paragraph or two on: Stimulus and Response. 


1. Peter's father was an excel] 
Peter came to be captain of his sc 

The neighbors used to say, “Peter is a born tennis player. 
After all, like father, like son.” 


ent tennis player. In time, 
hool’s tennis team. 


ON YOUR OWN 


Is tennis-playing an inborn act? What is your reasoning? 


2. Jellyfish are relatives of the hydra. What type of ner- 
yous system would you expect them to have? 


Do plants have kinds of inborn acts? Try this investigation. 
Overnight, soak some radish or bean seeds in water. Then 
line three glass tumblers with blotting paper, as shown in the 
illustration. E Keep some moist cotton at the bottom of each 
glass. Place at least three seeds between the blotting paper 
and the glass—about one inch from the rim. When the seed- 
lings have grown above the rim, place one tumbler on its side. 


Suspend another upside down so that the plants are free to 


grow.@ Leave the third right side up. 


at direction do the stems of the plants grow? What 


In wh Ee means 
on? Can you change their direction of 


is your explanati 
growth? l 
Scientists call that part of an experiment in which the con- 

d a control. In the investigation above, 


ditions are unchange i 
what is the importance of the third tumbler, the one that is 


standing upright? 
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nerves to all 
Parts of 
the body 


2. From the Hydra 
to Simple Learning 


What happens in your body in re- 
sponse to a stimulus? You can observe 
two of your own reflexes, These re- 
flexes are common to all of us. For a 
better understanding of them, try the 
investigation on the opposite page. 

Once you have done the investiga- 


tion, try to explain what happened 
when the knee was tapped. 


A Study of the Nervous System 

Your nervous system has nerves 
that connect with the brain 
spinal cord. (Study the di 
the nervous system and ider 
part.) m 


and the 
agram of 
ntify each 


de up of 
e diagram 
e the long 
ll connects 


scattered loose] 


y over the body. The 
fibers of the ner 


ve cells are in bundles, 


nerve cell 


AN INVESTIGATION into a Common Reflex 


Needed: a small flashlight; a partner 


First, ask your partner to sit on the edge 
of a table. Be certain that the legs hang 
loosely and that the feet do not touch 
the floor. 

Now ask him to close his eyes. Then, 
tap him just below the knee with the 
edge of your palm, as shown in the pic- 
ture. What happens? 

Now it is your turn! Let your partner 
tap you below the knee. What happens 
to you? What was the stimulus? What 
was the response? 

Now draw the window blinds or 
Shades, and ask your partner to turn 
away from the light. Then turn on the 


small flashlight, and from the side, 
flash the light at his eyes. If you use a 
large flashlight, do not shine the light 
directly into his eyes. Direct the beam 
past his head. Observe the pupils of 
his eyes. What happens?@ A 

Let your partner observe the same 
effect on you. What is the stimulus? 
What is the response? 

Here is another important part of this 
investigation. Ask your partner not to 
respond to the light. In other words, ask 
him to control his response. 
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THE REFLEX ARC 
L 


Now trace the path of the stimulus 
(tap on the knee) in the diagram, all 
the way to the response (kicking out 
of the leg).™@ The brain is not in- 
volved in the knee reflex, or reflex arc. 
The spinal cord is the place where the 
nerves seem to be connected, 
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muscle 


spinal cord 


The diagram on the next page 
shows the reflex arc in greater detail. © 
Any nerve impulse begins at the 
nerve endings. These nerve endings 
sense the stimulus. There are nerve 
cells in your eyes which sense light, 
and there are nerve cells in your skin 
which sense a touch, or warmth, or 
cold. First, then, a stimulus (such as 
the tap on the knee) is sensed or re- 


ceived by a cell known as 


a sensory 
nerve cell, 


Second, the sensory nerve cell in 
the knee has a long nerve fiber which 
carries the impulse to the spinal 
cord. (The microphotograph shows a 
bundle of nerve fibers.A ) In the 
spinal cord, the impulse is relayed to a 
connecting nerve cell that receives 
the impulse and passes it to another 
nerve cell known as a motor nerve 
cell. The motor nerve cells end in a 


Ps, a gland. When 
es the leg muscle 


are part of your 

When your sal 
saliva, an impulse has been carried to 
the glands by 


À a motor nerve, Of 
course, in the b 


take part in any responsive act. 


Nerve cells of any kind are called 
neurons (noor’ons); so a sensory 
nerve cell is a sensory neuron; a 
motor nerve cell is a motor neuron. 
Scientists think there are at least 
three kinds of neurons which take 
part in an inborn, or reflex, act. The 
fiber of a neuron may vary in length; 
it may be very short or several feet 
long. 

Now, to help you remember, re- 
view once again the kinds of neurons 
that are found in your body. They are: 

a. a sensory neuron. This nerve cell 
receives the stimulus, such as the taste 
of food, and carries a chemical or elec- 
trical impulse (or both) to the spinal 
cord or brain. 


fiber 


nucleus 


b. a connecting neuron. This nerve 
cell connects the sensory neuron with 
a motor neuron. Connecting neurons 
are generally found in the spinal cord 
or brain. A connecting neuron carries 
the impulse from the sensory neuron 
to the motor neuron. 

c. a motor neuron. This nerve cell 
carries the impulse toward a muscle 
or gland. That is, motor neurons carry 
the impulse to the organ which will 
respond by moving or acting. Recall 
that your salivary glands respond by 
forcing saliva into the mouth. Each 
organ responds in a particular way. 

Look again at the diagram of the 
nerve path of a reflex. Remember 
that when the spot below the knee is 


connecting i 
nerve cell fiber 


(neuron) RON À 
oF 
i 


nucleus 
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tapped (a stimulus), the leg kicks out 
(the response). This act is an inborn, 
or unlearned, reflex act. For any re- 
flex act, the neurons are already con- 
nected and somehow ready to work 
at birth, but this is by no means the 
whole story. To learn more about be- 
havior, try to teach a puppy to re- 
spond to his name. 


Teaching an Animal 

A puppy is born with many re- 
flexes. For instance, it has a scratching 
reflex.m If an insect crawls on the 
puppy, the puppy will scratch. A 
dog’s eyes respond to light. The pu- 
pils get smaller in bright light, but 
widen in the dark. A puppy’s heart 
beats and he breathes, yawns, 
sneezes, and coughs. All of these are 
inborn acts; they are reflexes. The 
neurons which govern these reflex 
acts are connected at birth and con- 
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tinue to function as long as the puppy 
remains alive. 

If you have owned a puppy, you 
may have tried to teach him his name, 
but it is not likely that he came run- 
ning to you the first time you called 

im by name. A response of this sort 
has to be learned. Responding to the 


sound of a name is a learned act, not 
a reflex act. 


A Learned Act 
Suppose you have a Dalmatian 


Puppy, named “Spot.” How would 
you get him to run to you when you 
call? 


You could start by calling his name 
each time. Animal 


trainers, however, 
would tell you that there is a much 


» OY, asa Psychologist 
in the brain. © 


s 


inborn response 


stimulus 1 
A food 


dog’s brain 


stimulus 1 
e stimulus 2 


Spot 
stimulus 2 


response Spot 


new | 
connection 


ward and the calling of the name) oc- 
Cur at the same time. Soon the puppy 
will respond to the name alone. He 
as learned to respond. 
What should you do when the 
Puppy responds to your call of “Spot”? 
ive him a biscuit the first few times. 
€ next few times, give him a pat 
on the head. Always reward him 
when he learns something new until 
you are sure he has learned. In fact, 
itis a good idea to give him a pat or 
reward him some way whenever he 
P. eases you. 


One Explanation of Learning , 
ow would you explain a puppy $ 
response to the sound of his name? 
° you agree with the following ex- 
Planation? 


A dog gets hungry. Hunger is in- 
born. You give the puppy food and he 
eats. Eating and digesting are inborn 
responses. The puppy responds to the 
stimulus of food by running to the 
food. He is happy, or satisfied, when 
he feeds. Food is his reward. A re- 
ward is useful in training any animal. 

Each time you give the puppy his 
food, you call him “Spot.” Each time 
he comes to the food, you call his 
name again. When you call his name, 
the sound “Spot” is a new stimulus, 
Somehow the new stimulus (sound) 
is associated with the old stimulus 
(food). The response is the same to 
both. Study the diagram on this page 
to help fix this idea in mind. The pro- 
cedure by which Spot “learned” his 
name is given on the next page. 
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a. You would give the puppy 
something to which he already re- 
sponds, something he likes. The stim- 
ulus of food, for instance, will cause 
the dog to respond by running to it. 

b. You would give him a new stim- 
ulus, his name, at the same time you 
give him the old stimulus, the food. 

c. You would repeat this procedure 
again and again until the dog re- 
sponds to the new stimulus alone. 
Then he responds when you call his 
name, without the stimulus of food. 
The dog has learned, You have taught 
him to respond to a new stimulus. 

Now that you have an idea how to 
teach a puppy, 
idea to teach a 
Try to train a 
flash of light. D 
done? Plan an 
way a fish can 
few steps of t 
given on the op 


can you use a similar 
fish? Why not try it? 
fish to respond to a 
o you think it can be 
investigation into the 
be trained. The first 


he investigation are 
posite page, 


Once you have planned and carried 
out the investigation, try to explain 
how you trained the fish to respond to 
the light of a flashlight. 


Scientists have a theory to explain 


this kind of learning and they give 
their explanation, or theory, a special 
name. It is called conditioning (kon- 
dish’an.ing). In conditioning, a re- 
ward of some kind seems to tie the 
stimulus and the response together by 
what is called the S-R bond (S, for 
stimulus and R, for response). m In 
fact, conditioning is sometimes called 


“S-R bonding.” What does the word 
bonding mean? 


Ivan Pavlov, a Russian psycholo- 


gist, developed the theory of condi- 
tioning. Early in the twentieth cen- 


tury, he experimented with dogs in a 
special way, 


Pavlov decided to ring a bell as he 


As you learn more ab 
you will find th 


he Proper time can be 
very useful in ] 
Pavlov’s the 


AN INVESTIGATION into the Training of a Fish 


Needed: an aquarium; a flashlight; fish 
food 


Make a plan of the way you would train 
the fish. You can make use of what you 
learned about teaching a puppy. 

Recall that to train a puppy you 
should give him a reward when you call 
him by name. The reward and the 
Sound of his name (the stimuli) are then 
associated in the brain. 

What reward will you give the fish? 

What stimulus can be associated with 
the reward? 

What results do you expect? 

Can more than one stimulus be used 
at the same time? 
How long will the response continue 
if you discontinue the reward? 


The pictures show a plan that was 
used by one class to train their pet gold- 
fish to respond to a flash of light. I © A 
Perhaps you can think of a better way 
to train a goldfish. For instance, you 
might use a bell. 


ma 
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BEFORE A. Study the statements below and choose the correct Ter 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


1. The central part of your nervous system is the 
a. brain and spinal cord b. nerve cell 


2. A reflex act, such as the 


knee reflex, takes place 
a. after thinking 


b. without thinking 
3. A neuron which ends in a m 


uscle or a gland is a 
a. motor neuron 


- sensory neuron 

4. The neuron ( connecting neuron 

nects motor and sensory neuro 
a. near the muscles 


) which generally con- 
ns may be found 
b. in the spinal cord 


5. The neurons responsible for a 


a. already connected at b. developed as you 
birth learn 


reflex act are 


; Answering to a name is a 
a. reflex act 


T. To speed up the 
sociate 


a. a reward with the act b. Punishment with 


the act 
8. S-R bonds help explain 


a. conditioning 


USING WHAT 
YOU KNOW 


clothes. Soon the boys did not respond to the bell; some went 
right back to sleep. Others made believe they were asleep. 
What do you think was wrong? How would you correct it? 


2. Psychologists sometimes say that a reward is better than 
punishment in establishing (conditioning) a habit. For ex- 
ample, to train (condition) a dog to keep him from biting 
the furniture, it is often best to give him a real or a rubber 
bone. Punishment may keep him from biting the furniture, 
but it may also condition him to dislike the person punishing 
him. Do you agree? Give your reasons. 


There are a good number of books on training pets. What 
do they have to say on the value of reward or punishment? 


3. You Learn 
a “New” Behavior 


Today you may have blinked your 
eyelids more than 5,000 times. Do 
you remember each time you blinked? 

Today your heart beat thousands of 
times. Were you aware of your heart 
beating? You breathed thousands of 
times. Were you conscious of breath- 
ing? You do not think about your 

eartbeat or your breathing; nor do 
you think of all the other activities 
going on inside your body. 

Do you remember tying your shoe- 
laces when you put on your shoes this 
Morning? You probably do not re- 
Member the details of dressing be- 
Cause you do it without having to 
think about it, 

Whenever you perform an act the 
Same way every time, without think- 
mg, the act is said to be an automatic 


(o’ta-mat/ik) act. The beating of the 
heart is an automatic act and so is 
breathing, blinking, yawning, sneez- 
ing, and coughing. All reflexes are 
automatic; but are all automatic acts 
reflexes? 

Was tying your shoelaces a reflex? 
Think a moment. Were you able to 
tie your shoelaces at birth? Of course 
not. Tying a shoelace is an automatic 
act, but it is not inborn, or a reflex. 

Tying your shoelaces is a simple 
habit. It is something you had to 
learn. What is the difference then be- 
tween a reflex and a simple habit? 

A reflex is a simple, unlearned auto- 
matic act. A habit is a learned auto- 
matic act. 

Simple habits are important to 
you. For one thing, they save you 
a good deal of time. If you had to 
think about how to tie your shoelaces 
each time you put on your shoes, get- 
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SOME SIMPLE HABITS 
a 


ting dressed would take a long time. E 
Then too, a few simple habits, such 
as brushing your teeth and washing 
your hands, help keep you in good 
health. If you brush your teeth every 
time you eat, that act will become al- 
most automatic—as will washing your 
hands before you eat. 

Certain kinds of habits, such as 
brushing your teeth, can be explained 
by the theory of conditioning, For 
instance, an S-R bond was formed be- 
tween the stimulus (finishing your 
meal) and the response (brushing 
your teeth). The rewards, better 
health, a pleasant appearance, and the 
commendation of your parents may 
have established the S-R bond. 

Like some inborn behavior, habits 
can become very complicated, For in- 
Stance, spelling correctly or doing 


arithmetic are partly the result of 


forming good habits, but complicated 
ones, 


You do not have t 


o think when you 
spell your name o 


r write the word 


: ings as Spelling, or writ- 
mg, or reading. @ That is 


works or 


in the way the stimulus is connected 
to the response. Psychologists, how- 
ever, know that many simple things 
are learned best through practice. 


Forming a Habit 

People learn to do all sorts of 
things as they grow up, and they 
usually have a reason for learning. 
One good reason is that learning a 
habit enables a person to be more ef- 
ficient. Another reason may be to 
achieve a reward for learning. The 
reward may not be something you can 
see or touch. It may be simply the 
satisfaction of being able to do some- 
thing easily. You may not even think 
of a reward but may learn to do some- 
thing simply because you want to or 
have to. 

How does one go about learning a 
simple act? The thing to do is to per- 
form the same act over and over again 
until it becomes automatic. For in- 
stance, you might follow this plan. 

First, you have a goal to reach. It 
may be a very simple goal, such as 
earning to tie your shoelaces. 

Second, you plan how to reach your 
goal. For example, you may choose 
to watch someone else tie a shoelace 
until you are sure of how it is done. 

Third, you practice over and over 
what it is you are learning. 

Finally, you can perform the act 
automatically, without thinking about 
What you are doing. 

Do you dream of being able to do 
Something especially well? Would you 
ike to be a champion swimmer OF 


SOME COMPLICATED HABITS 


=E WHAT IS THE REWARD? 


diver? an all-star basketball player? 
Would you like to drive a car? What 
are your goals? Think about it now, 
for the earlier you start and the more 
you learn, the better you will become 
at whatever you try to do, 

Learning to perform automatically 
enables a person to be more efficient, 
Some things you learn to do may also 
be rewarding. For example: 

Why would anyone want to learn 
to ride a bicycle? What is the re- 


ward? ™ Havin 
cise? Havin 
able to have 


g fun? Getting exer- 
g better health? Being 
a newspaper route? Help- 
ing your parents by running errands? 
Getting to school easily? Or is there 
more than one reason? 

Why do you think the boy shown 
standing alone in the picture would 
want to learn to ride a bicycle? © 

Tying a knot can become a simple 

abit. Try the investigation on the op- 
Posite page to see how long it takes for 


AN INVESTIGATION into the Learning of an Automatic Act 


Needed: a foot of rope 


You can probably tie some kinds of 
knots, but the kind you will learn to tie 
here is a special kind. 

The pictures show steps in tying 
a bowline (bo’lin’). mf It is a very use- 
ful knot because it does not slip or be- 
come untied. 

How fast can you learn to tie the 
knot? Time yourself. Practice tying the 
knot until you can do it with your eyes 
closed. Then compare the time it takes 
you to learn with the time it takes your 
classmates. In one class, some of the 
students learned to tie it faster than 
others. Some made good tight knots 
and others made knots that were not so 
tight. When you can tie a bowline 
quickly and without wasting time, tying 
this knot has become a learned auto- 
Matic act. 


Additional Investigation: Plan an inves- 
tigation to find out if age has any effect 
On the time it takes to learn to tle a 
new kind of knot. Do older people learn 
faster than younger ones? 

Extend the investigation to include 
other acts that may become automatic. 
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the act to become automatic. You 
form many simple habits in the same 
way. Can you explain how the habit 
was formed? 

Brushing your teeth regularly, 
bathing regularly, and dressing prop- 
erly are desirable habits. In these in- 
stances, the rewards are better health 
and a pleasing appearance. 

Reading, doing arithmetic, spell- 
ing, and using the dictionary, all of 
these are rewarding. Why? 

How did you learn to get up at a 
regular time in the morning? Think 
back. The reasons may be very com- 
plicated, but here is a simple way of 
looking at this habit and other habits 
that are like it. 

First, you have a goal. Second, you 
have insight into a way of achieving 
your goal. Third, you practice—until 
the act becomes a habit. 

This manner of learning could be 
described as the goal-insight theory. 
This theory is based on having a clear 
goal, insight, and the satisfaction, or 
reward, of achieving the goal. 


Learning About Learning 
Up to this point we have studied 
reflexes and simple habits. We have 
investigated habit formation, „that is, 
how an act can become automatic. 
We have investigated how animals 
learn by conditioning (page 18). 

All learning cannot be explained so 
simply, however, For instance, under 
what conditions do people learn best? 
How do we get an “idea”? a 
“thought”? 
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In their attempts to learn about 
people, scientists often work with ani- 
mals because thev are easier to study 
than man, especially in the way they 
learn. Just as rabbits, rats, mice, and 
guinea pigs have been used in learn- 
ing how to prevent disease—chim- 
panzees also have been used to study 
the learning process. Scientists have 
learned a great deal from experiments 
with a chimpanzee by the name of 
Sultan. They used him in an experi- 
ment which tells us something of the 
way a new idea is developed. 


Sultan Gets an “Idea” 

Sultan liked bananas, so they were 
used as a reward in the learning ex- 
periment. A banana was put out of 


Sultan’s reach, but a stick w 


as placed 
near him ( 


as in the picture). m Al- 
most at once Sultan used the stick to 
get the banana.e Even when the ba- 
nana was placed out of reach com- 
pletely, Sultan would try to use the 
stick. He had learned how to use a 
tool (the stick) easily. A 

Then the psychologists tried some- 
thing different. Sultan was in his cage 
as usual, but this time a banana was 
placed outside the cage—just out of 
reach of his familiar stick. Anoth 


stick was put in the cage. The seco 
stick could be 


stick, as in th 


er 
nd 
joined to Sultan’s first 
e picture. The prob- 
uld Sultan learn to fit the 


reported so 
Sultan tried 


one stick, then with the other. He 
failed. He walked about, screamed, 
and chattered. Next, he tried to push 
one stick with the other stick toward 
the food. He failed, time after time. 

Then suddenly, as if in a flash, he 
fitted the two sticks together and 
reached the banana. The idea seemed 
to come in a “flash.” The act seemed 
to take place immediately. 

Because of this investigation, sci- 
entists who study learning have come 
to think that many ideas occur in a 
“flash.” Do they really? 


Behind the “Flash” 

Do ideas really come out of no- 
where? Surely you have had the ex- 
perience of walking along, or sitting 
quietly, or reading, or playing—when 
suddenly an “idea” has flashed into 
your mind. 

Recall Sultan’s behavior. He had 
two sticks with which to reach the 
banana, but they would reach only if 
they were fitted together. He tried 
one stick, then the other. He then 
tried pushing one stick with the 
other. Finally, with a “flash” of in- 
sight he fitted the two sticks together; 
but remember he had tried other 
things first before he got the “insight,” 

Somehow he was able to fit his ex- 
periences together to 
to the problem. The 
reach the banana. 

Sultan had needed 
insight into solving th 
ing this time he was 
ence by trying differe 
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form a solution 
problem: how to 


time to develop 
e problem. Dur- 
getting experi- 
nt things; and 


even though some of his attempts did 
not work, they gave him an insight 
into the solution of the problem. 

Do you learn in the same way 
when you are trying to solve a prob- 
lem? Try to find out by doing the in- 
vestigation on the opposite page. 


A “Flash of Insight” —or Not? 

Did you solve the problem? How 
did you get the insight for a solution 
to the problem? 

Does insight come slowly, bit by 
bit, or suddenly, after time is spent 
thinking about it? Perhaps it only 
seems to come suddenly, without 
thinking. 

If it seems to come suddenly, with- 
out thought, your “insight” into the 
problem has put all the parts together, 
so the solution comes all at once, as if 
ina “flash.” Buta good deal of thought 
is taking place without your knowing 
about it. The “flash” of insight follows. 

Course, not all problems are 
solved in a “flash.” What information 
did you need before you could solve 


the problem? Could you have solved 
it without knowing 


a. that 4 ounces is equal to 4 cup? 
b. how big a measuring cup is? 
c. that the bottle had 
of water in it? 
Without 


just 4 ounces 


AN INVESTIGATION into a “Problem” in Learning 


Needed: a quart jar; a measuring cup; 
a small bottle (4 oz. or under); a pie 
plate 


Suppose you fill the measuring cup to 
the top line, and then pour out enough 
Water from the measuring cup (perhaps 
one half) to fill a bottle which will hold 

Ounces, 

Suppose the bottle is filled to the 
brim, then screw on the cap so that the 
Water will not spill out. It is important 
to know that there would be half a cup 
of water in the bottle. 

Now set the quart jar on the pie plate 
and fill it right to the top with water, 
So it is almost ready to overflow. E 

Suppose you were to place the bottle 
Containing the 4 ounces of water into 

e jar. Be sure to let it drop below 
he Surface of the water.@ About how 


much water would flow out of the 
jar into the pie plate? 

Remove the quart jar from the pie 
plate, empty the measuring cup, and 
carefully pour the water from the pie 
plate into the cup.a How full will 
the cup be? 


association of old ideas and informa- 
tion or perhaps from old ideas with 
new information. 

How does this apply to you in your 
learning of new things? How does it 
apply to the scientist who is always 
learning new things? 


Theories of Learning 

We now have two theories which 
try to explain how we learn. One is 
the theory of conditioning and the 
other is the goal-insight theory, 

Some psychologists use the theory 
of conditioning to explain the learn- 
ing of simple habits—such as respond- 
ing to a name or tying a shoelace. 
They use the goal-insight theory to 
explain the learning of such complex 
habits as writing, playing the piano, 
or memorizing a poem. 

As you go on in your study of sci- 
ence, you will have reason to wonder 
if all our behavior can be explained 
by the theory of conditioning or the 
goal-insight theory. You may wonder 
if we really know how learning takes 
place. You may find that there is much 
to be learned about learning. 

For instance, you may even begin 
to wonder if you can trust your own 
senses. Our senses are very important 
to the learning process. What we 
know about the environme 
us through our senses—taste, sight, 
smell, touch, and hearing. How good 
are your senses? Why not investigate? 
You will need several friends to help. 

Take turns blindfolding each other 
with a large handkerchief and see 
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nt comes to 


how many things you can identify 
with your sense of touch. Can you tell 
the difference between a tomato and 
an apple, a one-dollar bill and a piece 
of paper the same size and shape? 

Can you identify an apple or a to- 
mato by your sense of smell? Can you 
distinguish the differeuce between a 
piece of onion and a piece of apple if 
you hold your nose while you are 
tasting them? 

See if you can distinguish sounds 
and the direction from which they 
come. 

From these investigations you may 
begin to wonder whether your senses 
can always be trusted. Cc 
do scientists check th 
their observations? 


an they? How 
e accuracy of 


Scientists use instruments to check 
the accuracy of their observations. 
They do not trust their senses alone 
but use instruments to measure what 
they observe. They do not trust their 
sense of touch to say how hot or cold 
something may be; they use a thermo- 
meter. They do not trust their sense 
of sight to determine the intensity of 
light; they use a light meter, This is 
true for every observation: they use 
accurate instruments to check their 
observations. 

Also, scienti 
They repeat o 
ments m 


sts check on each other. 
bservations and experi- 
any times to verify what they 
served. One tria] is never a 


senses may 


be in ey 
recheck, 


Yor, they check and 


ig A. Study the statements below and choose the correct r 
GO ON sponses. They will help you fix in mind the concepts of die 
S 


USING WHAT 
YOU KNOW 


section. 


1. Coughing is 
a. an inborn automatic act b. a learned automatic act 
a 


bo 


. Writing is 
a. an inborn automatic act b. a learned automatic act 


3. Simple habits are 
a. learned automatic acts b. inborn automatic acts 
a 


4. The theory of learning by conditioning cannot explain 


acts like 
a. writing b. tying a shoelace 


5, The goal-insight theory is often used to explain the 


learning of 


a. simple habits b. complex habits 


B. Write a paragraph or two on this topic: How We Learn. 


1. Look ahead a bit. Try to answer the following questions 


about your study habits. 
a. Do you study at home each day? 
b. Do you begin to do your homework at a regular time 


each day? 

Do you study in 
d. Do you have proper too 
study? 

Do you plan what 


will study later? 
d the next section, you will be asked these 


a quiet place? 
ls at hand when you start to 


you will study first and what you 


After you rea 
questions again. 


2. In asking peopl 


best to give them a fairly 
why they should make such an attempt. Then it seems a good 


idea to discuss also how they might start on the new project 


e to attempt something new, it is usually 
complete explanation of the — 
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For instance, your brother or sister or a friend may wonder 
why it is useful to understand fractions in arithmetic. You 
might explain why it is useful and how they could go about 
learning fractions in school. 


Show whether your reasons for learning fractions are ex- 


plained either by 


a. the theory of conditioning; 
b. the goal-insight theory; 


c. or both. 


4. Making Learning Easy 


Set this goal for yourself: To mas- 
ter the habit of studying. Recall 
that you form many habits of doing 
things automatically, like tying your 
shoelaces. You can also form habits, 
such as study habits, which will help 
you learn better and more easily. As 
you advance in school, you will study 
many different subjects, such as Eng- 
lish, mathematics, history, social 
studies, and science. If you learn to 
study well, you will gain a better un- 
derstanding of these subjects, 

Learning to study well is a com- 
plicated habit, Although it takes a 
long time to form such a habit, there 
are some things you can begin to do 
now. 

First, you should know the value 
of having good study habits. In the 
next six years or so 
be that of being a student. Just as the 
father of a family goes to work each 
day to earn a living, you go to work 
each day as a student to learn. What 
you learn will help determine what 
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your business wil] 


hand when you stud 


you will do all your life. It is impor- 
tant then to become the best student 


you can—by developing good study 
habits. 


Developing Good Study Habits 

Check yourself, In your notebook, 
write the answers to the five ques- 
tions which follow. They are con- 
cerned with how you study, 


l. Do you study each day? 

2. Do you study at a regular time 
each day? 

3. Do you study in a 


ọ 
quiet place! 
Do you have 


proper tools at 


y? (Some of the 
tools you need are: 


Do you 


plan wh t : d 
first and wh at you will study 


at you will study later? 


_ The answers to these questions are 
sien If you do not answer “yes” 
to all five of these Questions, find out 


Plaka oe by oing the investiga- 
n on the opposite Page. Should you 
change your stu F iiis 


AN INVESTIGATION into How Regular Practice Fixes 
a Simple Habit 


Needed: at least three friends 


Ask two of your friends to write their 
names with their left hand (or with their 
right if they are left-handed). Ask them 
to practice on 2 days out of a 5-day 
week, for about 40 minutes each day; for 
example, 40 minutes on Tuesday and 
40 minutes on Thursday. i 

Meanwhile, you and another friend in 
your class should practice writing your 
names with the hand not normally 
used; but you should practice once a 
day for about 15 minutes each day.@ 

After 5 days, who has had the most 
Practice time? At the end of that time 
the four of you should meet to see who 
Writes better. Were the results for the 
Students, who did not practice regularly 
different from the results of those who 
did? How would you explain the re- 
Sulting differences? 3 

Do you agree that regular practice 
helps fix a habit? 


Additional Investigations 


l. Does regular practice improve 
Your skill in playing a musical instru- 
Ment? How do you know? ; 

_ 2. Does regular practice improve skill 
'N Your favorite sport? Plan an investiga- 
tion to fing out. Make a progress report. 
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Look at the pictures above. © 
Why will the boy on the right prob- 
ably learn faster and better than the 
boy on the left? Which of the pictures 
shows the way you study? Do you 
think there is any connection between 
the way you study and the kind of 
marks you get in school? 


Why should you study each day? 

To learn something well you must 
practice regularly. Regular practice, 
psychologists have found, helps fix a 
habit. Thus it is easier to form good 
study habits by studying an hour 
every day than by studying several 
hours one or two days each week, 


Why should you study 


at a regular 
time each day? 


When you were very young, you 
may have been fed whenever you 
were hungry. Many small babies do 
not have a regular time to eat, but 
even if you did not, your family did 
eat at a regular time. Soon you 
eating with your family, 
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were 
and eating 


at a regular time became a habit. Do 
you notice now that you get hungry 
at lunch time—and at dinner time? 
Your body is ready for lunch or 
dinner, 

In much the same way, if you plan 
a regular time for study, you will be 
ready to start work. Being ready, you 
will pay more attention ti 


o your study- 
ing. You will ¢ 


herefore learn better 
and more easily. Each person selects 
the study time that is best for him. 
What time is best for you? Is late at 
night a good time? 


Before you choose the time of day 


to be used as your study period, think 
of all the things that might interfere 
with your being able to concentrate. 


Could you concentrate when all 
your friends are at play? 


l Choose your study time carefully; 
it makes studying easier. 


Why should you study in a quiet 
place? 

Try this short investigation to help 
you decide. 

Below are 6 stanzas from “The Day 
Is Done,” a poem by Longfellow. 
Memorize three stanzas in a quiet 
Place. Time yourself. 


THE DAY IS DONE 


The day is done, and the darkness 
Falls from the wings of Night, 

As a feather is wafted downward 
From an eagle in his flight. 


I see the lights of the village 
Gleam through the rain and the 
mist, , 
And a feeling of sadness comes o'er 
me 
That my soul cannot resist: 


A feeling of sadness and longing, 
That is not akin to pain, 

And resembles sorrow only 
As the mist resembles the rain. 


Come, read to me some poem, 
Some simple and heartfelt lay, , 
That shall soothe this restless feeling, 
And banish the thoughts of day. 


Not from the grand old masters, 
Not from the bards sublime, 
ose distant footsteps echo 
rough the corridors of Time. 


For, like strains of martial music, 
Their mighty thoughts suggest 
ife’s endless toil and endeavor; 
And to-night I long for rest. 


Then memorize three more stanzas 
with the television or the radio on or 
try to memorize them in a corner of 
the playground. Time yourself again. 

In which place was it easier to 
memorize: in a quiet place or in a 
noisy place? How long did it take in 
either place? 

Psychologists have found that it is 
generally easier for people to study 
in a quiet place because they can then 
pay attention more easily to what 
they are doing. 

Do you see why quiet is needed in 
a library? or in the classroom when 
you have a reading or a study period? 


Why should you have your study 
tools at hand? 

Suppose you were trying to solve 
an arithmetic problem. Suppose, too, 
that whenever you needed an eraser 
or a ruler you had to get up to find 
one. Not only would this waste time 
but, more important, you would be 
taking your attention from the arith- 
metic problem. Once you give atten- 
tion to a problem, it is best to keep at 
it until you finish. You reach a solu- 
tion sooner. This would allow time 
for all the other things you may want 
to be doing at home or at school. 
It is sensible not to waste time. 

In addition to having good study 
habits, it is important that you should 
have the proper tools. Before you 
turn the page, jot down a list of all 
the items that you think are essential 
as good study tools. Check with the 
picture on the next page. 
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The picture above shows the tools 
that you need. E You should learn 
how to use them well. For instance, 
using a dictionary to help you with 
words you do not know is one im- 
portant study habit. 


Why should you plan what you will 
study first and what you will study 
later? 

Not everyone finds every subject 
easy. Some may excel in science and 
mathematics; others may find Eng- 
lish difficult. Suppose you are getting 
ready to study tomorrow’s work. One 
assignment is in a subject that you 
find difficult, and another is in one 
that you find easy. 

Would it be best to study the more 
difficult one first? Psychologists would 
generally say “yes.” It is best to study 
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notebook 


the more difficult subject first be- 
cause you would be studying it when 
you are physically fresh; you are then 
more alert. When you have finished 
studying both subjects, it is well to go 
over the more difficult one 
will give you another cha 
tice the harder subject 
in mind. It seems that t 
practice a diffi 
it becomes. 
There are other us 
can learn about the p 


again. This 
nce to prac- 
and to fix it 
he more you 
cult subject, the easier 


eful things you 


© years spent as a student are 
very important years of your life. 
Learn to study well, because learning 
Continues as long as you live. 


The scientist must be a good stu- 
dent. Scientists are, in fact, students 
all their lives. They spend their lives 
in study and investigation. 

Scientists have mastered a special 
way of learning, that is, through in- 


vestigation. They are careful observ- 
ers and are always looking for the un- 
usual. The uses of ideas and tools in 
industry is the subject of the next unit. 
There you will learn more about the 
ways of the investigator. 


A. First, turn your attention once again to the questions on 


Now that you have read this section, have you begun -to 


1. What exactly have you done to improve your study 
habits? Make a list of the changes you have made—or the 


2, How do you plan to study in the future? Make a list of 


B. Write a paragraph or two on this topic: “Habit Formation.” 


BEFORE 
YOU GO ON page 82. 
improve your own study habits? 
things you have done. 
the things you need to do. 
ON YOUR OWN 


Look ahead a bit. Investigate the “Art of Investigation.” 
You will find this section in your book on page 409. Since much 


of vour work in science will be in the form of investigation, it 


is important for you to develop skill in the way: 


s of a scientist. 


Find out the meaning of the terms “variable” (var’é-a-bal) 


and “control, 


in relation to an experiment. Review from pre- 


vious experiences in science what is meant by a hypothesis 


and what is meant by a theory. 


Plan an inve: 


of the 


termine whether or not plants r 
espond to sound? Do they respond to magnetic 


d to touch? Do they respond to electric 


light. Do they ¥ 


force? Do they respon 


currents? 
Take your cho 


gation yourself. Int 
can let your imagina 


possibly can. 


stigation with a controlled experiment as part 
investigation. For instance, plan an investigation to de- 


espond to a stimulus such as 


ice of these suggestions or design an investi- 
his case you are truly on your own. You 
tion work for you. Be as original as you 
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5. The Main Concept: 
Changing the Environment 
Through Learning 


Plant a seed in good soil. It can be 
a bean, or zinnia, or nasturtium seed. 
Water it. If the seed is planted in a 
suitable environment, the plant will 
grow and produce blossoms and more 
seeds. A bean plant will not grow un- 
der water, nor on the top of Mount 
Everest, nor next to a cactus plant on 
the dry desert. Neither will a zinnia 
nor a nasturtium plant grow in such 
places, but some kinds of plants do 
grow there. Plants are adapted to a 
special environment, a habitat (hab’- 
a-tat). The habitat for some kinds of 
plants could be a desert or a moun- 
taintop. For others, the habitat could 
be the ocean. 

The growth of a plant, such as the 
buttercup shown in the illustration, 
depends on its surroundings—on a 
sufficient supply of water, on certain 


sunlight 


m 
# water vapor 


carbon dioxide 


(during oxygen 
fogd (during 
making) food 


j N making) 


carbon dioxide 


water 


substances found in the soil, and on 
sunlight. E 

Plants are a part of and make use 
of their environment. They change 
their environment by taking certain 
substances from it, and by adding 
others to it. However, the environ- 
ment in which a bean plant has been 
growing looks the same after the 
plant has grown as it did before. 

A bean plant, like most plants, does 
not seem to change its environment 
greatly, and even then, only tempo- 
rarily. Plants take substances from 
the air, the water, and the soil, and 
they use energy from the sun. In turn, 
they add, as they decay, the materials 
that were taken. They also add en- 
ergy; it is stored in the food plants 
make. Some of the food may be eaten 
by animals. The animals use the en- 
ergy and restore some of the materials 
to their environment. The rest be- 
comes part of the animal. 

The same process is true of animals 
that is true of plants. Animals need 
food, water, and shelter; they feed on 
plants or on other animals; they live 
in and are part of their environ- 
ment. © Ants build nests and mounds; 
birds build nests; moles burrow 
through the ground; but these, like 
other animals, do not seem to change 
their environment very much, except 
as they are part of it, coming and go- 
ing. Animals, like plants, also return 
ee et the materials they 

© ‘here is a continuous ex- 
change of matter and energy between 
living things and their environment. 


The inborn unlearned behavior 
helps an animal to live as a part of its 
special environment, its habitat. Yet 
some animals, such as the locust, can 
destroy crops; and large numbers of 
mice and rats can do great damage. 
nal l, we usually think of animals as 

eing a part of their environment, not 
changing it very much. 

All living things are adapted to 
their environment. They also are 
interdependent with their environ- 
ment, The term interdependent 
means that living things take matter 
and energy from their environment 
and return matter and energy to it. 
Interdependence is a major concept 
Of science, Wherever you find living 

mgs, you will find them interde- 
Pendent with their environment. 

an also is adapted to and interde- 
oe with his environment. He 
Ses food, water, and oxygen taken 
rom the environment. He returns the 
Matter in other compounds. 


However, in one way man is differ- 
ent. His brain enables him to learn 
about his environment; but a more 
important fact is that once he has 
learned, he is able to change his en- 
vironment. 

Man learns, for example, that all 
matter is made of atoms and mole- 
cules, and he changes the way they 
are put together. The result is that 
new substances are created. Man in- 
vents nylon, stainless steel, and plas- 
tics. He even forms new atoms. Of 
equal importance, his brain makes it 
possible for him to record what he has 
learned—in books, on film, or on tapes 
with a tape recorder. What he learns, 
man passes on to others. 

A newborn infant lives by his re- 
flexes. Soon, through conditioning, 
the child learns simple habits and 
his behavior is changed. For instance, 
he learns to bathe and to dress him- 
self. Simple habits, however, are not 
enough. Later, he goes to school and 
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learns to read and write; these are 
more complex habits. He also learns 
mathematics, science, skills in the 
gymnasium, and how to play baseball 
or how to dance. ™ 

Each boy and girl sets his (or her) 
own goals and develops insight into 
ways of reaching them. Boys and 
girls learn to live in a very complex 
world, one with many different kinds 
of people as well as many different 
kinds of machines. 

Adults also spend much of their 
time learning. They are able to use 
much of what they learn in their daily 
lives in working with others and in 
earning a living. 

Ancient man learned. He learned to 
build homes from the wood of trees. 


He learned to get food from plants 
and animals. 


Much later, man began to build 
farms and cities. He changed his en- 
vironment; he changed the face of 
the earth. Man not only lives in his 
environment, he learns from it. He 
develops new ideas and invents new 
devices and changes his environment. 

Man, like all living things, is inter- 
dependent with his environment; but 
his ability to acquire new habits 
through learning makes it possible for 
him to live in many different environ- 
ments. In this way, man is unlike any 
other living thing on earth. Man’s 
creativity gives him a great advantage. 

He can live under water but not like 
fish. He does not have organs which 
enable him to adapt to a water en- 
vironment; but he does have an organ 
which enables him to live in an en- 
vironment to which he is not adapted. 


E GROWTH IN LEARNING 


reflexes 


conditioned learning 


goal-insight learning 


That organ is his brain. With his brain 
he invents a submarine. With his 
brain he learns new habits which are 
necessary for him to live successfully 
in the submarine—under water. With 
his brain he finds ways to live high in 
the air, or even in outer space. 

Man moves into and out of many 
different environments because he is 
able to learn, to acquire new habits, 
and to provide for his needs in any 
environment. 

Natural environments change, and 
animals must adjust to the changes 
or they cannot survive. Every extinct 
Species became extinct because it 
could not change or control a new 
environment. But man can invent 
new tools, new weapons, and even 
a whole new environment to suit 

is fancy. Instead of adjusting to a 
changing environment, man makes 
Some changes in his environment. This 
gives man the best chance to survive. 

Because man can learn, he even 
changes himself. He learns ways to 
add years to his life. By changing his 

iet, he grows taller and healthier. 

Man continues to learn. As a scien- 
tist, he uses special ways of learning 
about his environment. The special 
Ways of the scientist are his ways ° 
investigating. © Through these, learn- 
ing advances at a faster rate than 
ever before. In fact, the amount © 

nowledge we are gaining is dou- 

ng every 15 years. That is, in 15 
Years twice as much will be known as 
is known today. Man hopes that this 

Nowledge will be used for peace: 


THE SCIENTIST’'S WAY OF INVESTIGATING © 
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Fixing the Main Concepts 
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TESTING 
YOURSELF 


Test your understanding of the important concepts of this 
unit by doing these problems. 


a certain 

1. Suppose you want your cat—or dog—to eat at a | 

time. You decide to use a bell to summon your pet. Describe 
how you would train your pet to respond to the bell. 


2. A new puppy howls at night. The girl to whom the 
puppy belongs goes outside to quiet it every night for the 
first week. 

However, the puppy continues to howl each night. It stops 
only when the girl goes outside to quiet it. How do you ex- 
plain what is happening? serail 

What theory of learning are you using in your explanation! 


What would you do to change the puppy’s behavior? Why 
do you think your method would work? 


3. How would you train a fish to come to the side of a glass 
tank which you tapped? 


4. A boy is learning to play basketball. Somehow, his shot 


at the basket hits the rim most of the time. He gets very al 
couraged and asks the coach to help him. 


The coach of the team knows that the way the boy stands as 
he th : 


rows the ball is causing him to miss the basket. The coach 
takes him aside and asks him to watch a boy who “shoots 
baskets” well, In particular, 


i the boy is asked to watch the 
other boy’s feet as he takes his shot. 
Use the goal-insight theory of learning to explain what yoU 
think the coach is doing, 


5. Teachers know that often the difference in learning 
ability between two b 


QUICK TEST 


6. Which of the following statements are correct? Give 
evidence or reasons for your choice. 
Good study habits save time. 
Good study habits waste time. 
Good study habits make learning easier. 
Good study habits improve your grades. 
Good study habits make no difference. 


Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 


unit. 
1. Of the following, only one is not an inborn automatic 


act, That one is 
a. coughing 
b. sneezing 


c. reading 
d. yawning 


2, Of the following, only one is not an inborn automatic 


act. That one is a 


a. spider spinning a web c. moth flying toward a 


light 


b. robin building a nest d. baby saying “daddy” 


3. Of the following, the neuron which carries the impulse 


to the muscle is the 
a. sensory neuron 


pb. motor neuron 


who dev 


c. connecting neuron 
d. sensory nerve ending 
4. The scientist eloped the theory of condition- 
ing is 
i a. Salk c. Freud 
a. 9a r 
b. Pavlov d. Darwin 


5. It is thought that 
kes the pl 
ponded on 

This act is explained by the 


c. fact that it is 
an instinct 

d. theory of goal- 
insight 


a reward fixes the behavior where a 
ace of the original response. For 


y ta 
rep A that res ly to food now responds to 
the sound of his name. 

a. fact that it is an 
inborn act 

b. theory of 

conditioning 
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FOR YOUR 
READING 


6. A boy realizes the usefulness of saving money a 
something he wants to buy. This act is explained in terms o 


a. reflexes c. the theory of 
conditioning 

b. instincts d. the goal-insight 
theory 


T. Man can learn better than any other living thing be- 
cause of his 
a. neurons 


c. senses 
b. nerves 


d. brain 
- Practice is essential to the devel 
a. an inborn 
automatic act 
b. a reflex 


opment of 
c. a habit 


d. an instinct 
9. The first acts of a baby are 
a. habits c. learned acts 
b. reflexes 


d. learned automatic acts 
10. As man grows up he 


a. more reflexes c. fewer reflexes 
b. more habits d. fewer habits 


gradually acquires 


l. Story of People, by May Edel, published by Little, 
Brown, Boston, 1953. 


This book is a good ac 


count of the behaviors of different 
groups of people. Customs and habits are described. 


3. The Senses of 
gery Milne, publish 
This book is an in 


Animals and M 
ed by Athe 
troduction 


en, by Lorus J. and Mar- 
neum, 1969, 


to the five basic senses. 


ON YOUR OWN 


Tie thon : 
: he inborn automatic acts of some pl 

ropisms (trd’piz-ams ). pon aa eee 

For instance, st 

, stems of plants alw: 
ays seem i 

z sail If the action is movement or — pie bas 

in a 7 ropisti : n 

3 nulus, we say the tropistic response is positive man ea 
of a plant toward light is a positive tropism Cr pit 
from a stimulus is called a negative tropism ii 


Investigation into the Behavior of a Plant 
et some oat seed or corn. p i 
paper cup. Place each seed x pareke 1 y ek emp 
se hig oes wo e-half inch below the 
p the sand moist, but to be sure that the sand i 
not too moist, punch holes in the bottom of the pape 
Just as soon as the tips of the plant poke Pa 
face, place the plants in a shoe box, as shown. & N Ne Ke 
window cut in the box. Then close the cover. l U 
After a few days the plants should look like those i 
picture. © Now repeat this with two or three more aa = 
seeds, except for one difference. When the seeds have = : 
h, use scissors to snip off the tips of two of is 


about one incl 
seedlings in each cup. A Leave two plants with their tips 


four 


whole. Place the cups in the shoe box once again. 
1. What do you observe? 
2, Do 
3. How do y 
4, Invent a th 
tions. Recall that a t 


your observations agree with others in your class? 

ou explain your observations? 
eory which will help to explain your observa- 
heory is an explanation of observations. 
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(Text pages 46-97) 


UNIT CONCEPT 

Living things are adapted by 
structure and function to their 
environment. 


A Preview of the Concepts 


Technology of Metals 


CONCEPTUAL SCHEME 


: r 
Living things are interdependent with one anothe 
and with their environment. 


Unit Two 
IDEAS AND TOOLS: FOR NEW PRODUCTS 


The brain is man’s greatest structure for adaptation, Man uses fh 
investigate his environment and the 
objects and events. With these 
tools for control of the physic 
understanding of important re 


ogy, between the processes of 
inventor. 


n to formulate concepts to ae 
concepts as working ideas he then D sai 
al environment. In this unit, pupils Poi 
lationships between science and tee ne 
the investigator and the products ° 


A VIEW OF THE UNIT 

This unit places in historical 
world and to invent a technolog 
to Unit One since it shows ho 


., his 

Perspective man’s search to expla ied 

y to control it. The unit is closely "° the 
Processes of learning are simila! easo™ 

ation. As early man tried to seck a Me 
» he began to gain insight into W° ist! 


ek N . 
. That is, he used his brain to ask form” 


$ 3 d 
atter, with the nature of heat, an 

energy of moving electrons were amon i 

Furthermore 


m h y does not develop all the concepts involv y 
e technology of the extraction of aluminum from its ore. Some * yu? 


ee ot solution called an electrolyte, which is capable of conduct- 
Fi spe: . You may need to decide whether terior a shoe expla- 
high sheols m the interested student to the subject of ionization in a 
À extbook. 
same incompletely—a metal salt such as copper sulfate tons in 
with g no particles (copper ions) with a positive aap and par tiles 
called io, Batiye charge (sulfate ions). As you note, ~ erie are 
à Bra . wire attached to the negative terminal of a dry = i- istia 
a positive ra and a wire attached to the ee eee 
electrolyte pua When these wires are oe o A thes = 
electrons fl ore is a complete circuit through n h anapara Ria 
are attra. ow from the negative terminal (cathode), positive Copp pas 
racted to the cathode, lose their charge, and are deposited (plate 

ice we copper without a charge. Much the same ape oe 
Solved į en an electric current is passed through emma e e dis- 
iong tg molten cryolite. The solution is the electrolyte, a a pane 
a min ee to the cathode where they gather as poe u es 
etstandi, atoms. Current electricity will be studied in U e as ia ~ 

eres ng of the nature of electricity is not immediate y essentia 

a mading the process of obtaining metals from their ore. 
tion * Process required great heat as well as electric current. -n 
of cop many metals from their ores requires heat. This is ng y ue 
therefa a and iron, which the pupils will study in Section . pour 2 
fer o = explores the Kinetic Theory of Heat, or the nature o a = 
one energy from molecule to molecule ina eager | oi 
Per and i Pt, pupils trace the history of mans reste d ne but 
it wag ae He learned much about metals through tig ar a as hi 
mt he abali $ x bogan ne nodes arm orbid ye ies alloys that 

es Invent new ; and new products s a ) 
Power sete today, a eonan tot pele consists of atoms aia 
Ence new tool for technological advances only in recent times. 

a 8 


Ing technology are now close partners. 
Peleg ee 4, the concept of the structure of matter h mio ~ w 
techn a structure of fibers built by living things and apple 
T Y of artifici ý 
= e developed is that man, 


his 


Technology of Fibers 


th gh 

RS Out th i i oncept i 

enyi 1 the use ot the he cd “fe pterdependence wate Iie 
his brain, has extende totter and energy with 


i 
the nme : 
il finding new ways to interchange 


In ate . TV. 
onment, Processes of science lead to the products of technolog; 


Upp 
Ley 
Nan ENTARY AID 
Y n S 
Mins a F i f films and film- 
"ibs are ang addresses of distributors and suppliers fiy alo 


tcha i Page F-26. All the films and filmstrips 
s help us learn about peo- Films 


Clog: 
gists , 
i iii he T r CID imd E, a (Intermediate) 
© lives they led in prehistoric past. 
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Filmstrips 


Science Reading Table 


: at, though 
Evidence for Molecules and Atoms (19 min.), E.B.F. reper aie 41 
unseen, molecules and atoms can be proved to exist in oes acs 
= 3 . a 7 a s and mo git 
gases. Modern science is based on the existence of atoms (Intermediate) 


: ical change 
Explaining Matter, Chemical Change (11 min.), E.B.F. A ene ts join 
takes place when atoms from the molecules of two or more substa 
; > i i stances. , 
with one another to form molecules of entirely different m rane 


A m alar motio? 
Explaining Matter: Molecules in Motion (11 min.), E.B.F. Molecular tdiate 
determines the properties of each state—solid, liquid, or gas. (Interm 


š ts 

i is experime? 

Louis Pasteur (50 frames), E.B.F, Color drawings tell us of his ig oa ate 

with microbes; how they cause disease; how animals and men one High 
with these germs become immune. (Juni 


de 
Man in Space (47 frames), S.V.E, Shows how scientists have been it 2 
velop an environment for Space travel; how they have met prob ee he 
weightlessness, acceleration, temperature extremes, radiation, and n on 
ment of space travelers. Shows training necessary to become an as piel 
(Junior a 
» S.V.E., 1962. Shows the great Vy 
how man mines for these minerals | 


Earth—A Great Storehouse (44 frames) 
of minerals found in earth’s crust; 
the uses he makes of them. 


Man’s Preparation for Space Travel ( 
problems that must be solved befor 
are able to solve thes 


ains th? 
35 frames), Jam Handy. Explain’ s 


is 
sonti’ 
s scie! 

e man can travel in space; how 


tm 


e problems; differences between travel in the pigh) 
sphere and in outer space. (Junior 
„les 
uitle 
Addresses of the publisher 


a 
s are given on page F-24, Starred (°) 
are especially recommended for content and reading level. 
o kapt il, 1 
Albert Einstein: Youn arie Hammontree, Bobbs-Merrill, i s’ 
Einstein’s boyhood, nd interests, and final recognitio” ‘pjs 


as 
tonality of this great man, as We ( gas?) 
hout the story. 


and discoveries of g 
In all, twenty-six s 
of historical time. 


sc e 
acele, World Publishing, 1959. p ov 
S and Cro-Magnons, who roam ov 
reat Ice Age. The story of what P 


hap 
‘appened when 
these hi 5 ivilizati 
pres oe s unters met as civilizatio a n i 
ent scientific knowledge. fi age dwn paa e) 
verage 


“The Caves 
vision i oe Hunters by Hans Baumann, Pantheon Books (a di- 
iscovery of the f ouse), 1962. A story of the prehistoric caves and of the 
torie Caves.” a ae ae cave of Lascaux, known as the “Louvre of Prehis- 
.” Color photographs enhance the realism of the accidental dis- 


Cover 
Yy of th 
ese fa eene a 
a dog. famous prehistoric sites and art treasures by four boys and 
(Average) 


The c 
razy Cantilev 
arper & A ver and Other Science Experiments by Robert R. Kadesch, 
, 1961. Forty experiments designed to help the investigator 


Not o; 
nly to 
7 acqui i : « 
of physical oe lire information but to enjoy the process. All are in the area 
scienc P ; 
nce. The experiments may be performed in any order: each 
(Average) 


is a 
Self-contained unit. 
ents by Harry Milgrom, Dut- 
Sic principles s to help pupils understand 
illustrated or physical science. The 27 experiments are clearly described 
te First y with more than 100 diagrams. (Average) 
St fe * 
Book Services, the World (paperback) by Anne Terry White, Scholastic 
Mgement as Division of Scholastic Magazines, 1961, published by ar- 
Random House. A story that spans a million years. The clues 
skeletons of prehistoric 


abo 
ut ear] 
arly ma s ame 
fasts man-—stone hatchets, cave paintings, 
eces added together with much 


an 5 
Study, na prehistoric man-—are puzzling Pi 
account of true facts that reads like fiction. (Average) 
Basic Experiments by Harry 
to investigate many areas of 
asily obtained materials are 
rkings of the seismo- 
(Average) 


Ex 
Plorat; 
tons ir š 
s in Science: 3 j 
ience: A Book of Basic Experim 


on, 196]. S; 
a - Simple but challenging experiment 


Eur 

thep 
4. Explorations i 

ilgrom rations in Science: A Second Book of 


rete sr 1963. Challenges the reader 
ired. The a experiments. Only simple and e 
ate “Ph erg is made familiar with the wo 

ometer, and the barometer. 


Oil 
le ý to R 
am ockets by Dirk Gringhuis, Macmi aP, aro 
and refining of 


i 
oil, meri 
a and the erica. Includes description of the discovery, uses 
raphi Progress in energy supply from the first drilling to rocket engines. 
(Easy) 


Y illustrated in color and black-and-white. 
1961. An introduction of 


f the dams, but also the water 
roblems of water supply for 


f more than two hundred 
(Advanced) 


e St 

h ory of D 

tology, Seluas by Peter Farb, Harvey Ho 

Tape food S namg not only the engineering © 
ntrol, and other phases of the p 


da 4 Surviyą 
r "3S in the a Contains a guide to the location © 
he nited States. 


use, 


e Thorne, Scholastic Book 


St 
Se . Ory of N 
ences, : tadame Curie (paperback) by Alic 
nt wi ivision of Scholastic Magazines, 1961, published by arrange- 
ol days in Poland to life as a 


Wif, Wit] c 
e Yi 
Cesse, Other. Osset & Dunlap. From her scho 
dires one and scientist in Paris, this story depicts the struggles and suc- 
Wer of the world’s greatest women. An informational story of the 
(Easy) 


W, Y of 5 
hat radium, as well as biography. 
A compact survey of 


the > Mat 
e ter? P 
character; by Daniel Q. Posin, Benefic Press, 1962. 
istics, behavior, and potential of matter. Numerous illustrations 


PA 
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Car 
NG 
~ SUGGESTIONS 


(Text pages 48-56) 


SUBCONCEPT 
Substances (minerals) in the earth's 
crust can be altered to produce 
new materials, 


Processes emphasized 
Investigation 
Observation 
Analysis of reading 
Discussion 

Library research 
Gathering of data 
Mapmaking 
Consulting experts 
Hypothesizing 
Categorizing 


Discovery of new Processes and 
products depends on understanding 
concepts in science, as well as ear- 
lier technological advances. 


” z anti-matter, 

help to describe solids, liquids, gases, nuclear change in matter, a 

and matter as frozen energy. Includes a simplified paces : yaa 
x 7 ased Iror 

formula for figuring the amount of energy that may be release (Advanced) 


> 


A 
Pupils perhaps have heard their elders speak of the “good alp 2 
Ask: What do you have today that your grandparents did not ee ve! 
they were your age? What changes have taken place? Which are with 
sults of the work of scientists or inventors? Can you have inventions vd 
out scientists? Pupils might, instead, prefer to imagine that Lincoln a 
alive today. What terms would Lincoln hear on television or read aye ; 
papers that would be unfamiliar to him? (For example, space he see 
television, supersonic jets, cryogenics, etc.) What changes would P f 
in the nation’s capital (or any other city )? Which result from the wor 
scientists or inventors? Can you have inventions without scientists! 


INTRODUCING THE UNIT 


Section 1: CHARLES HALL AND HIS DISCOVERY te 
tiga 

As an example of how man used ideas and tools, the pupils oe I's 

rom common compounds. Charles yas 


rept Y 
from a clay shows how a conceP 
tested and applied. 


Introducing the Concept 


fte” 
Write on the board the caption METALS IN your tire, Ask: HOW ° ge- 


d 
do you use metals in school? At home? What kinds of metals do yo the 
pend on daily? The metals which are Suggested might be liste oro? 
board. Pupils should be encouraged to st A 


Hold up a handful 
from it? Suggest that t i 
What parts of an ai 


Developing the Concept . gel 
How do you find out? In 


Charles Hall discovered how to extract aluminum from its ore ‘ a 
cept did Hall have to have before he could make his discoverY co 
concept that elements join chemically to form compounds, and t i 

on 
T-24 


Pound: i 5 7 
OF sa may be separated into their elements.) Was Hall’s a new concept 
(Th it an invention based on concepts developed by other scientists? 

e latter. ) 


sin ae a metal from its compounds. 
energy a strongly bound together chemically. 
compone e supplied to break the chemical bonds and separate these 

nts from the compounds. The energy used may be heat, electric 


Curre: 
n i 
t, or chemical reaction. 


Pupi 
ical va should already know the difference between physical and chem- 
nges, but it may be useful to review briefly. 


The components of a com- 
Some form of 


Chea: 

emical change—a change in matter in which atoms of substances com- 
bine or separate to form new molecules ( compounds). 
The properties of the final products differ from the 
properties of the original substances. 

ange— a change in matter that does not alter its chemical com- 
position. The properties of the subst: 


the same as those of the original substanc 
of the substances may 


Phys; 
Ysica] 
ch 
ances changed are 
es, although 
i be changed. 
size, shape, and state g 
Concepts in Science Sisa 


Unit 
he pupils are 


Two « ~~ 
Useful re ©, “About 100 Building Blocks, in i 
o ro for review of elements and compounds ift 

i e meaning of the term chemically combined. 


ite ed i 
“tin wig Pupils to plan and perform the investigation into electro 
: mat You may wish to emphasize that 


Wi 
itis 1 coppe: : 
no "gg DEE (text pages 50-51). y i al 
a ie: ie to separate aluminum from its oxide or compound; ne 
i i i 2 i s ou i 

s Y'cell ag TS which dissolves readily in water a“ er ne ae a 
€ source of electric energy: I$ used in the m pi ood 

ated from a compound. After ise 
hich the pupils have made, to = 
the two processes are similar? 
rent work for 


si wä 
Wn, J; ee ci may be separ 
Coy, iscovery” of copper, W 
Ho ETY m ry” of copper, W! 
hy did mee by Hall. What steps in e cont 
im? q : all make the idea of energy from electric cl A lehes 
Mh a Pupils will have noted that the copper is gepos oad the ac- 
oe he e at changing the connections 0” the dry cells bers Hall had 
p fin so OPper is attracted to one terminal (see page lite—a com- 
mand Š Mething that would dissolve aluminum oxide; Bap t, when 
l Olten >- Sodium, aluminum, and fluorine—is & powerful so = 
of tual s many minerals, He used electricity ae pi i ae fans 
s s i 
carbon mercial recovery, steel bars Te —— jite Electric cur- 
n-lined tank, since carbon is resistant to cryolite. 


at ap asin the solution molten 
t : s the s 
peut Libos cet the bars and the aa oxide to the bottom 


E t, F., and : i te i saiti 

a , and aluminum is attrac’ ae tigation. 

What nk, much cle tracted to the coin in the invests S 
opper was attra will e njoy investigating e 


are ¢ y 
V, u e uses of aluminum? Pupils e he ad- 
a Se aluminu A out the a 
Mageo, of aluminum. Initiate discussion by aor a (Light- 
Properties of aluminum. Then Jist them 07 


Tr. in 
Car T-25 


NG 
SUGGESTIONS 


Energy is needed to separate 
als from their compounds. 


Equipment and Materials 


See text page 50; also 
Teacher's Manual for Classro 


Laboratory 6. 


Aluminum has many uses. 


Invention of new materials depends 
on understanding basic concepts of 
science. 


ness, strength, doesn’t rust through.) Relate these advantages to the ic: 
we make of aluminum. A few questions may help to stimulate saci 
Why is aluminum a good metal for building airplanes? Why is sho 
sometimes used in making pots and pans for cooking, or on the outside nee 
homes? Why are boats made of aluminum? How is aluminum used an vat 
home, on the farm, and in industry? The key to its use, of course, is th 
the oxide of aluminum is hard and A 
How concepts in science are used. How do the terms pure science 4 
applied science differ? How are 
the investigations you h 
How does the scientist 


: - ant O 
h investigation.) How does the developmen 


TN ‘entists and tec!” 
aterials? Can scientists and | s- 
discu! 


Extending the Concept 
Where are metallic ores 


. ma 
» samples of these ores ™ Jo 
their correct locatio 


«oral 
a metal and a miner® | 


products? in the Production of new an a 
rae ipt 
én spre How and in what country was alvu ju i 
strially e pu i t 
num was produced by hs eos wall be interested to learn tha p? 


(0) 

e Eee aluminum products was a rattle for the infant son of 
and spoons = ror, Napolgon I. Later, Napoleon III had a set of forks 
Scientist Devill e to use when serving honored guests. In 1885 the French 
was given a co e, who had developed a process of obtaining aluminum, 
ment, One ad isi to outfit the French army with aluminum equip- 
lightness H vantage of aluminum over other metals then used was its 
Pensiye to on a Deville’s process of extracting aluminum was too ex- 
num been t an army. How has the process of extracting pure alumi- 

Eio refined? 
structures; ‘se Washington monument was on 
Ping this eee he United States, What was one of the adv; 
Structure with aluminum? (It wouldn't tarnish. ) 


e of the first aluminum 
antages of top- 


Reyj P 
lewing the Concept 


efore 
Using s Go On., A. Lb 2a 3a 4b 

modif by: You Know. Both. The scientists attempt to develop concepts or 
i applies in designing a rocket. 


ations 3 
Ons of them, which the technologist 


s ý + r 9 9 
a doesn't work, scientists and technologists try to find an answer. 


an j 


Seng 
ion 9. 
N 2: USES OF A CONCEPT 


Upils ie 

ti S disc 

me eir "oves that molecules in all sub 

*Ve, the ie is determined by their energy. 
Sreater their heat energy. 


are constantly in mo- 


stances 
The faster molecules 


e, th 
Int 
todun; 
Oep € the Concept 
e Mins might be to play a game 
nomenon of heat in the third parag 


© sunli 
ight, wl i iquid an 
Now » why would air turn to liqui ; : 
x A 7 ays fall 

at the sun is the source of radiant energy. When its rays 


jects > kes mole- 
, nergy makes n 

thag Move a become warm. Why? (The D pe of motion— 

is aster. The radi is changed to 2 

© he he radiant energy } p f heat causing a 

Bab ora ive of heat ca ge 

c B energy.) What examples can You ae condensa- 

tum, 8e in a substance? (Melting. prapor 


rni ; 
ng to a solid if heat is withdraw?- 
conce. 


s this 


of “Let's suppose,” applying 
raph. If, suddenly, there 
d then toa solid? All pu- 


ming the behavior of 
concept useful to us 


is h 
cules pat (energy)? What concept 
ter? How do we use 


Sh c 
thig lainin? S us understand heat? How ! 
know =a simple tool such as the thermome 

ge in controlling our environment: 


s may perform the in- 
rstandings as 


i PD jscussed. 
Ollowing the investigations are discu 
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(Text page 56) 


(Text pages 57-67) 


SUBCONCEPT 

Knowledge of the nature of heat 
has enabled man to develop ways 
to modify and control his environ- 


ment. 


Processes emphasized 

Investigation (with design of 
experiment) 

Observation 

Measurement 

Hypothesizing 

Theorizing 

Prediction 

Planning an investigation (with 
control experiment) 

Analysis of devices 

Concept forming 


When a substance becomes warmer. 
. * ý 
the motion of its molecules in: 


creases, 


Equipment and Materials 


See text pages 58 and 59; also 
the Teachers Manual for Class- 
room Laboratory 6. 


Heat is the kinetic energy of mole- 
cules. 


Heat is transferred from one place 
to another by moving molecules. 


Molecules of matter are in constant motion. 

Heat is the energy of moving molecules. The faster the molecules move 
the greater the heat. 

Heat energy is transferred. 

In carrying out the first investigation, plain glass jars or tumblers may 
be substituted for beakers, provided water that is very hot is poured m 
gradually. The use of a stopwatch might intensify concern for accuracy 
in timing the operations. f 

For the second investigation, an empty glass bottle may be more con 
venient than the flask, provided you have a one-hole stopper and plast! 
tubing to fit. You will want to show the children how wetting the tube 
will make its insertion into the stopper easier. Challenge the children t° 
think of the advantage of wetting the tube. ( Reduction of friction. ) 

The energy of molecules in motion. Refer pupils to “The Nature ° 
Heat,” text page 62, which introduces the term kinetic energy. What on 
this term mean? Does a rock on a cliff have kinetic energy? A waterfall! 
A jumping horse? A parked automobile? A can of gasoline? Boiling W% 
ter? How do you know? The rock is not moving, but the water isi The 
horse is certainly in motion. Neither the gasoline nor the automobile . 
in motion, but put the gasoline in the tank, turn on the ignition, put ne 
car in gear, and the car moves. The hood also gets hot, so something 7 
the gasoline is in motion then. The boiling water is escaig into the - 
as water vapor. Clearly water molecules and gasoline molecules i? ai 

f ma 4 


ote eneb), 
examples of kinetic en” 


hat molecules are in ™° and 
ic heat energy? (Lay # feel 
he same reason a ra rive” 
els warm right after & mol” 


ir 
cules are moving rapidly? arm or hot when the! 


H 
red Mae a that the warmer a liquid becomes, the high" it ol! 
Sots aden oe s the liquid cools, the column will fall, Pupils c4? aP he 
rise and fall ry i -> His pomala of heat energy by investigatiN® pat 

of a liquid in a thermo Jeat 

5 meter. The pupil Id be cle ave 
Pe one of a substance do not expand or orn ae merely m $ 
art, causing the substance ol e 
to seek t eater V if 
a oi or more household wall ieonta ak to Þe uff 
on the boa e at room temperature Rekord tlie en tenp ps 
Ti ake a record of read: e C pe 
room ings in diff of tbe pD 
e ci children know that air is cooler rns a a eat neat tbe 
x §. They can verify this by plannin shew: Ho do ps 
ermometers show that h S i vestigation pa 


eat i i 
ferred? Children might also į achat is b e e” 
fer of the sun’s energy in 
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W leonie in a vacuum. How do certain materials help keep heat in as 
e j i x i 
siz ae keep heat out? To stimulate discussion you may W ish to empha 

€ this statement from the text: “There is a shortage of moving mole- 


cules į i j 
in > ma vacuum.” The conduction of heat depends on molecules collid- 
5 with one a there are few molecules. A 


cee ed by the investigation (text 
Page 59 ). } 
Exhibit 


another. In a partial vacuun 
1s a good insulator, as indicat 


an keep hot things hot and 


a vacuum bottle. Do you think it ¢ 
) is the vacuum space 


Co R 
m alee How does it work? Of what papost ee 
are fey, tle? (The vacuum space does not conduct heat a : ae oa 
Sulateq tinea of air in it.) Children will enjoy reporting p ratai 
Work? i jects and how they work. For example, iey d > z gera 
Hot E the insulation in the walls or coiling n i gel a 
Conditions. d? Pupils often think of hotness and co ane rhe some 
to explai male , the kinetic eS une 
Bo how you can make an object cooler? (By remov ~ its “coe 
lhe is, by slowing down its molecules. For examp fs ie pe 
insulation hot (or cold )? (By preventing transter 0 ; 


in summary: How can you use 


Challenge pupils to plan a display 
each material works. Does it keep 
i made of this material? 


architects, electrical en- 
f: 


invite them to share 


so i ials. 
to lecules f working with insulated materias mayaki possible 
te : ecules to has piapia N A at energy It is possible, 
ve Taa hians ng ition We e a, ne ] its molecules 


ha tical] stance unti 
ave no — X for heat to be removed from a aaa aoe abies! sould 


e Moti 
sy Wh y me Absolute zero, the temperature í Arora putes 
Stems ithout heat energy, is about . onde er 


$ n 3 i i which ©; 

acti T scienti i a vised whi 
A d ntifi d ve been de 2 ma 
thig Ona] © stadies have actice, certain substances 4 


tef low in above absolute zero. In PF ice, Rested pupils may i” 
Err Perature have di s roperties. SS Seali 

tg A fie e have different p ciple of cooling 
y lw “ryogenics, the science that applies the P 


R temperatures, 
eyi Win 
Befo E the Concept Sen Sth 
l0 You Go 5.a 6.b 7a %8 . 
T On, ALa 2b 3b 48 
Sin, . 
s hat certain 
sup, vhat the concept t i 
' os he ae I> The sieni daye their properties. He may, 
ge he blow-out 


n h 
i i W] . . an 
18 in esis hen they combine chemically, ch aw “tack on t 
Bations, discover a promising avenu! 


Ty 
“Cig =" 
SUGGEsTI ONS 


Heat energy is transferred from 
molecule to molecule; it cannot be 
transferred in a vacuum. 


A substance becomes cooler as a 
result of transfer of its heat energy. 


(Text pages 65-67) 


problem. The technologist may take over the job and refine the process with 
new tools he invents. 2. It would probably be a solid, be very dense, 
occupy little space, and weigh more for its volume than the same sub- 
stance at a higher temperature. 


(Text pages 68-84) Section 3: THE USES OF IDEAS AND TOOLS: NEW METALS 


SUBCONCEPT Pupils begin to appreciate more fully how concepts are developed = 
Metals can be separated from their used in the invention of tools for technological improvement. They 5 
compounds; they can be combined how the processes of discovery and advances in scientific knowledge hav 
fo obtain new compounds having given us methods of separating metals from their ores and of combining 
new properties. substances to obtain new metals with improved properties. 
Introducing the Concept ‘al 
There are several ways to introduce the concept. If the pupils in socie 
Analysis of technological devel- studies have investigated Indian life or early cultures in other lands, i 
opment may find it useful to relate technolo y 
Discussion tures. For example, which tribes 


Processes emphasized 


5 inë 
gical developments to changes i” aih 
of American Indians were food-8% 


Hypothesizing erers? (The Plains Indians; the coastal tribes, such as the acorn har vester 
Investigation the woodland tribes—all food-gatherers or lade ‘ Which tribes a 
Observation food-producers? (Th ag ibes of th 
pene s p (The Southwest Pueblo Indians, and many tribes e 
nalysis of evidence Middle Atlantic re ions.) Which tri STS RUEL MADY the us 
Meong dE toole? Phe 4 ia : icl tribes were more advanced in 

Library research coss: ( e builders and cultivators, ) ding 
Concept forming Or—which do you think came first in ancient times, an understa” pst 
Analysis of data of how things work or the tools to work with? Do enple invent tools l 
Categorizing or do they first investigate, as you have beemden i ; science for the 
Organizing data oo years? That is, when does inventing berin and tee does it Mi 
“a concepts of learning from Unit One give a clue to the f 

Or—you probably know no ; e mat 
rials and tools you use are eee. ke e you know and th and 


- Why do you thi ican P gid 
i ink the America di 
(or any type of early man) lived in tents huts ar? “op 
not build skyscrapers: us den caves, or wooden h “ode ° 
z n hoes and not tractors; OY 


$ 
T-30 ge 
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OO ee 


Developing the Concept 
an < Pper—probably the first-used metal. Review the question: What is 
a oe Recall that Charles Martin Hall obtained aluminum from its ore, 
mum oxide (bauxite). In the investigation in Section 1, the pupils 
Ga obtained pure copper by using an electric current. Hall, also, 
e electricity, Copper was first discovered 8 to 10 thousand years ago. 
ain copper from its ore? ( Heat.) 
d? Initiate discussion leading to 


Heat is a source of energy for ex- 
tracting copper from its ores. 


"hat siran xf 
hy Source of energy was used to obt 
Was hez x Pier 
as heat—and not electricity—use 


und : a 
n erstanding that means of controlling heat had been iny ented, but that 
alu Concept of electricity had not even been thought of. You cant get ; : 
o m from aluminum oxide by using heat only. Can we get copper Equipment and Materials 
™ heati i ean sr? The pupils hy- See text page 72; also tt 
ating copper oxide with just a Bunsen burner: F > ey eS R ne 
Pothesize pper oxide with jus gation into Get- Teachers Manual for Classroom 


i and then are encouraged to set up the “Investi 
eet letal f rom Its patie (text ous 72). Oxygen - be yass Laboratory 6. 
achite Te If the additional — is performed, using ma 
ypo, © 888 given off is carbon dioxide. . 
ase concept does the investigation ctuateatet T eg ales 
fives a soliq compound into a liquid or a gas—or bo h; p ite ) Why 
Not? ( +) Did the early discoverers know this concep cae that heat 
Bave 7 had only insufficient evidence; all they SRA ii iet have 
leame Cm copper from certain kinds of rocks. This De Sonas 
for OY slow trial and error.) Pupils may now read: up to š 


aki » ste > steps in learning that the 
Catlin q, 8 Iron” (text page 77), considering the steps ? 


isc igh. 
eng Scoverers of copper are likely to nee pe on? What Beania aae EE 
di & iron from its ore. Could you get a leash been discovered? _ tracting iron from its ore. 
a 


Nees | Pi 
Althou is în your life would there be if iron y rust, it took early man 
i ae is a 5 3 
Sever ron ore is abundant in the earth’s ¢ 


lint thousand years after discovering the use of heat E A a cn 

Uffen Pout 3000 B.C.) to learn how to smelt iron. You ig gm your 

nowt to separate Metals from their chemical ee a mei nts in 

Science 8e of oxides froi Section 1 of this unit ee eben obtaining 
. . 1 a 

tmnt 2m rogle, w0), what hypothesis wo “ore? Why was early man 

able S; that is, from an iron 0 


s h, i ad found copper free in 
le ear CN to make this hypothesis? (Men be So gabe 


teag rth : 
fd y te 2ut iron exists almost entirely as an | text page 78. 

a A vancing the Technology phia ° hould be able to hy- 
esi iron exist chiefly as an oxide? + up! i vith iron. 
They “ize the readiness eet oxygen combines denny ka How 
Ast a T the hypothesis by performing the “Investigat 

In 
age ergy man Rusts” (text page 81). 
‘ly an dirig the why and how of Pe meta 
Lier not have that made the technology ° 
St 


rly m 

Ran the id, you already have about metals cos dol For example: 
mah Metals on the chalkboard as they oa a. Compounds are 
4 OF ato made of its own particular aa a in different ways to 


i Oms and molecules. Energy can be 
“Cine T-31 


s 
UGGESTIONS 
~ ae ee 


Equipment and Materials 

See text page 81; also the 

Teacher’s Manual for Classroom 
_ Laboratory 6. 

Concepts of the behavior of matter 

had to be understood before met- 

als could be used widely. 


id 
. What knowledge di 
ls so slow? What 


an did not have? 


change matter. There are different forms of energy. From tie pne 
two central concepts should clearly emerge: Matter can be c iing A 
from one form to another, and energy can be changed from one form 
nother. 

: How did you learn these concepts? (By investigation.) How “et 
understanding a concept do away with the trial and error are. i 
learning? In your own investigations, you gain understandings and a 
apply them by designing other investigations; and you can design en 
for investigating as well. Early man did not have the teachers, OF i 
time, or the tools you have. No one is born with concepts; he p 
discover and acquire them by learning, Instead of trial and error, is 
can put ideas together and have an insight into the goal of each iny 


zo cal 
tigation you do. You build upon what others have learned and, sO © 
help yourself to learn. 


Note. Because of the length of this section, it may be desirable s 

divide it into two lessons. This may be a good place to bring the 3” 

Metals with new properties can be lesson to a close. i of 

obtained if two or more elements, Iron and steel. If possible, let pupils bend back-and-forth a st™P ú 

at least one of them a metal, are copper flashing such as builders use, or a piece of copper wire. Try is 
melted together and cooled. bend a piece of cast iron. Wh er 


at properties are noted? (The ore aly 
t iron is hard and does not bend—2¢ tages 
heavy stress.) What are some pavar es? 
for buildings? for tools? for autom? m of 
eel by having pupils study the ower ial 
f : ge 77. What two raw materials are ee the 
to extract iron from its ore? When carbon combines with oxyge? w t 
S 1C 
(Carbon dioxide.) What prod“ pieh 
ae ast iron in the form of “pigs 
is brittle and fractures readily if hit a hard blow n ? 
é } anaa %; 
teel? Refer pupils to the ding ef 
text page 78). Wh ; in the con to 
Develop the idea that a wb laa ae l 


soft and bends readily; the cas 
Equipment and Materials it would break if subjected to 


-- : copper wire or strip of cop- and disadvantages of each 
per flashing 


... piece of cast iron 


Alloys provide us with substances 
with advantageous properties, 


ar r 
f 
like these metals tO att? 


a 
arly man—perh ered pa ef 
mixture of copper and Perhaps by accident—discove eq 
th h Dee ne, tin gave him bronze, a substance that WaS os” 
an either and did not corrode; that is, did f ‘des when © 
to the air. not form oxides 
raid 
T-32 U 


ee finish reading the section, ask how bronze might have been 
is mo What properties does it have that the two metals of which it 
gap bet o not have? Why was it so useful? (Presumably, it bridged the 
Troy elas the tipping of Stone Age tools with copper tips and the 
tonen s which began about two thousand years later.) What is 
elena (An alloy.) What is an alloy? (A combination of two or more 
ee ne he least one of which is a metal.) It may be useful to inform 
solid) as that alloys are made by dissolving one substance (usually a 
iquid within another at a temperature at which the substances beasts 
in the and allowing the mixture to cool. The particles of the elements 

mixture are so arranged that new properties result. Would a (A AT I 


n 
nha] today be more likely to be discovered by trial Ase error or \ 2 
enh mtn of concepts; i.e., by goal-insight: Why: i w. wey 
Page 79, might compile for display an enlarged chart of re a Ne w 5 
other 5. indicating the elements of which they are composed an ad ‘te 
Pecial uses that result from the properties of the alloys. Stainless 


Stee 
as for or example, is used for razors, needle 
utlery, 
an ° tole of plastics. What part do plastics play in your life? Ho Chatteris has provided 
i “an you name that are in this room or are Worn by your elasna ASe substances with useful prop- 
Allow 8 might be quite long. Why were plastics developed anly nae s 5 
of s children to state their hypotheses in preparation for at An 
a Reet Section, (Actually, plastics are the result at i i set 
bing mber of chemical concepts about the ways in which a si 
Spec: © form molecules. Substances consisting of these molecules have 


al pr { “3 be shaped, molded, 
Ca Properties—} ve eat resistance, ability to be shapew, 
St hardness, heat resistan? ome, used in industry, 


s, and building trim, as well 


> aNd so o à 5 din the h 
Scien, 0 OD.) A listing of plastics found in the s — 
With equipment for the ost in medicine, and in 7 eis 
the ne.” Properties listed next to them—may be useful in leading 
cry s ) 
Bx ection of the textbook. 
ten . 
Coy ang the Concept f Equipment and Materials 
lecti “ctivity of l of course, is a good andpotor © tbe 
tiv ticity, Te j k inte jams of heat. Investigate heat conduc- . coat hanger 
. a C . i n 4 re 
Wire old a eres e ~ poe ange mda similar length of rei ae wit 
r 0 iron co a : he ends are DR 
sim e : a ; liers, SO that t t ? 
u same r of pliers, ; . . aluminum foil 
of the neously ina E srst Fis a forefinger on the wires 9 he ns ale cali eee 
Dog, Piers. Whi ; k tainless steel and a stiver : 
On oS: Whic ? place a $ ... Silver spoon 
n si h feels hot first? Or, F ter, Hold the handles at °`] a 


th mul i 
4 anay into a pan of boiling wa bstance would 


s. ; s 
You log Which gets hotter first? What property in a su 


o heat-conducting prop- 


“Ttig, Or in a } F anted to use th ; 
kithe the he pe : P we burned? How is this idea used in 

M n tools? P and still no ia Kandle 
Pape, a ility 5 otholders, wooden and Ping of copper wire into a Equipment and Materials 
doe “ha ; io Hae may try to ing sn ordinary paper clip. Which copper wire 
i aap dn ade of an alloy that holds... aluminum foil 


Te etter job? Why? (The paper clip is ™ 
A 
mt T-33 


NG 
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(Text pages 83-84) 


elasticity better than copper wire.) Or, place a 4-inch X 5-inch sheet of 
aluminum foil over a doorknob. With one hand, smooth the aluminum 
over the knob with a round-sided pencil, working it around the knob 
from the center out. When you have the rough form of the doorknob, 
remove the foil. Try to flatten the foil into its original shape. Metals can 
be shaped into different forms, Investigate the steps that need to ke 
taken to transform a bar of aluminum into an airplane wing. Or imag’ 
all the steps that must be taken to shape an iron washer from the ir 
ore from which it originally came. Try to indicate what concepts Yo 
would need to know and the kinds of tools you would have to invent, 
or at least use. k: 
Alloys in space. The strength and heat resistance needed for spac? 
vehicles have intensified the search for new metal alloys, Among th? 
most promising are the cermets (combinations of ceramics and metals” 
designed to protect the space capsule and its occupants from the ma 
mous heat of re-entry into the earth’s atmosphere. Seek assistance f0 


a x F m s opac 
your school librarian in learning more about alloys used in SP 
exploration. j 


er; 
Work-hardened metal. When early man made big finds of pure sea 


d hammered into tools and utensils. ` Je 
the copper; that is, it became more By in 
illustrate, hold a piece of copper wire 
early double and repeat until the wire g 0 
hy does the wire become hot? (Relat? 

happens if you continue be motion, Section 2, text pages 60-64. K 


: and brittle under heating.) Now lay ° the 
the broken tips on any solid Piece of metal, Gi 8 l rp blow t° ah 
wire tip with the head of a P. aM 


Reviewing the Concept 


Before You Go On. A. 1, b 2. a i 
9a ` 


3b Ab Be ob TP 


ie” f 
L. Technology had to invent and develop ne att 


ms dealing with the release of energy fom is" 
+ a. They do not corrode. p, It is made © CoP 


from combjn; ; P 
per was obtainable witl p ombining with the iron to form rust- a 


development of a foe, ee low heat energy; steel read ar 
; ‘ at c fe, i i res; * 
minum required a knowledge of OS il high temperatures: 
f 
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s 
ù UGGESTIONs 


Section 4: THE USES OF IDEAS AND TOOLS: NEW FIBERS 


Li a ee 
aa Pupils discover that synthetic fibers could be developed only after 
mical composition of natural fibers became understood. 


In > 
id ce the Concept 
medal, a ARE or more samples of common alloys. eS eae 
à piece Bae fixture, or a stainless steel spoon will do Nex 3 aly 
Mother cloth made of natural fibers—such as silk or cotton—a 
Whi made of synthetic fibers—such as rayon, nylon, Orlon, or ee 
e alle tal, the alloy or the synthetic cloth, aip Somat hy 
Poi let y.) Why do you think so? Encourage speculation, bat att 
the Pupils’ hunches remain the subject of further investigation. 
thei 3 recognize that early man had to obtain metals (elements) from 
Cott Ps compounds ) before he could work them, and that silk and 
s (compounds) could not be imitated until modern a 
ing Wi OF what they are made, they are on the way towards understan - 
Conce? the invention of sentherie fibers had to await formulation of 


“epts th. Ae ic matter. 
Rng that deal with the chemical composition z; jai 
ead. 


A coin, a bronze 


Urag, i 

Wh Be thought on this sstion as the pupils r 

t hia aan lis question as $ 

°oulg in 18 idea (or Soca did man have to understand before i 

Matter gent new fibers? (The structure and chemical ee a 

vn r = a . f: e j- 
Yelopegp os and molecules.) What branch of science had to 


emistry, ) 


de 
Velo n 
Pin 
The pe the Concept 
rei silk moth, Only thè silk moth can peie silk pe pere 
E e . aha ve ral ? 
inte, ee ae how this is donë pad e the strange and 


eo Ti 
Cres “CPOrt their experiences to the ¢ he mulberry plant. 
© myn P@ttnership between the silkworm and the i 

ulber p between the s worm, but the silkworm 


yl k 
d Plant can li i the silk 

n N : can live without > plant. If moth 
i Coons rive and mak d silk without the mulberry p. atl 
he ake good si might compare one W1 


; are aya; p 
the ilustrajo table at this time of year, pupils ength of 


fiber, I tn On text page 85 and attempt to U Oca 
descrip” then be examined under the mic" 


nwind a short l 
pe using the tech- 


Ch, ibed 
wh emi On pages T-41-42. w 
re En Bee Concepts bad to new fibers. What sort of a r t 2 
Oy? res copper oxide? (A chemical pera ee 

i ele! 
ig en, two ©°pper oxide was separated into the a aa 
o anasa with properties different fro 
ni 
à g ns when cotton fibers are 
€! 


hydroxide), as mentioned 
is best not to permit 


. i inc jt 
Since lye is a strong caustic, ? o you think happened 
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(Text pages 84-91) 


SUBCONCEPT 

Knowledge of molecular structure 
enables man to invent new fibers 
with improved properties. 


Processes emphasized 


Observation 
Categorizing 
Hypothesizing 
Investigation 
Theorizing 
Library research 


Equipment and Materials 
... samples of alloys 

... silk or cotton cloth 

... nylon or rayon cloth 


Silk fibers are made by a living 


animal. 


Equipment and Materials 


., cotton fibers 
. household lye (sodium hy- 
droxide) 
. milk 
. white vinegar 
. potato ricer or sieve 


Fibers are made of common ele- 
ments. 


Atoms can be rearranged in mole- 
cules to form fibers with special 
properties. 


when the cotton fiber was dissolved in sodium hydroxide? (A chemical 
change.) ade. 
A simple analogy with the manufacture of artificial fibers can be fo or 
Remove the heavy cream from the top of a pint bottle of milk, ae 
unhomogenized. Heat the milk until lukewarm. Add white vinegar, : an 
drops at a time, until curds form. If you remove the curds (casein) ads 
push them through a potato ricer or sieve, the appearance of on 
will resemble the rayon process pictured and described in the ai 
The cotton sodium-hydroxide solution (viscose) hardens into fibers añ 
passes into a solution of sulfuric acid. Washed, the threads can be wo see 
onto spools. Pupils should be referred to the diagrams in the text 9 
the changes in the molecular structure of artificial fibers. aini 
Elements in natural and synthetic fibers. Cotton is a plant; silkw an 
eat plants. What elements would you expect to find in cotton fibers pat 
silk fibers? As pupils recall how plants make food, they should in a the 
carbon, oxygen, and hydrogen would be found in plant cells and " fact 
cells of the animals that feed on plants. When man learned this jvin’ 
what concept had he acquired? (Matter in both living and nop or 
things is made of the same kinds of atoms and molecules.) why art 
this concept necessary before man, as technologist, could invent 
ficial fibers that resembled fibers made by living things? sim 
Rearranging atoms. Review alloys briefly. For example, bronze ish w 
alloy of copper and tin. How do the properties differ? You may ri i 
explain at this time that the melting together of soft coppe! * gge 
causes a rearrangement of the atoms. Atoms are not of the 97° gyo 
In the cooled alloy, Copper and zinc atoms fit together so that they 


difficult to push or pull out of position, and the bronze is 
tougher and harder than either of th 


: 2 ping a response, W, infer a 
in properties? (Yes.) What is your i — tin 


é ow as 
vidence? iagrams S” j 
the atoms are attached in di Br i ihe dip 


iM 
gf 
p 
— pO 
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re 

as a continuing project during the 
olyphemus nie gh the native American 
e “d sila oriental silkworms. For example, in 
Merican rsg of the oriental silkworm with the “wildness” of the 


7 

abrics ; 
$ in your li F 

your life. Pupils may be encouraged to make classroom dis- 

acron, Lanital, 


ays of q; 

and mer amai synthetic fabrics—nylon, rayon, Orlon, D 

"Wspaper ate fibers or fabrics may be displayed with magazine and 

fom: ance Pct of their uses. 

Bing S Ena = mind prepared.” This quot 

hn might i i ea for reports on scientific discoveries and inventions. 

st ber, illiz 4 referred to Charles Goodyear and vulcanization of 

The exar rie Perkin and synthetic dyes, Henry Brearley and stainless 

tie > doe ee and penicillin (which they will study in Unit 
Sts with H i subject of aluminum to compare the work of other 

traj a comes ve successful process of extracting ihe pure metal. 

that pour mind a do you think still might be made: How could you 

© be prepared? One of the sure signs of a scientist is 


Is 
he Work 
V ne i 
X ever ends. One conclusion always opens up new questions, 


Prob] 
ems—“ 
S—"Yes, but... what if. . - ?” 


ation from Pasteur can 


Revi 
lewj 
B ing the Concept 


fore 
Yo 
" Go On, Alb Qa Ba 44 


Seni 
tion 
. bie MAIN CONCEPT: 
CHANGING THE ENVIRONMENT THROUGH 
IENCE AND TECHNOLOGY 


Virop PUP 

On; US rey; , 

of thant t "isa the history of man’s increasing CO : 

mg cient; Y more fully realize the relationships between theprose 
theip sts and the products of the technologists—between concepts 


ntrol over his en- 
sses 


a y 
to Pplicati 
N on. 
oT SUM 
they, q and MARY 
als man knew - scat h 
these metals 


Noy ar Silve 
Wh oce, foun a i possibly the first met 
a S i i course, 
lapt "a Everywh earth in their pure state. of oma it d AA 
Reg tithes LOS and a find was rare then, he feat? 
er but hidden sources of metals were under his feet: 

x i : 7 A 79 
‘ € in clay and iron oxide in rocks and soil.) seat a 
om its ore until perhaps 5,000 years ago; nor a uminu 


quant 
ntity until the mid-nineteenth century: 
UGGESTIONS T-37 


(Text pages 90-91) 


(Text pages 91-97) 
CONCEPTUAL SCHEME 


Living things are interdependent 
with one another and with their 


environment. 


UNIT CONCEPT 
Living things are adapted by 
structure and function to their 


environment. 


How can we show the growth of 
science and technology? 


Processes emphasized 
Concept seeking 

Theorizing 

Categorizing 

Analysis of processes of scientists 


Who is a scientist? Who is a tech- 
nologist? 


How do scientists work? 


Before pupils read Section 5, suggest that they design a 10,0003 
time line for science and technology. It may be as simple as a horizon! a 
band at the top of the chalkboard or a vertical column divided TH 
centuries, or as elaborate as a wire stretched across the classroom a 
which illustrations, or tag-board labels of two colors (to represe” 
science and technology) may be hung at appropriate intervals. of 

At the beginning of the time line, pupils list the accomplishment k 
early man up to that date, using the information from their arr in 
adding other items with which they may be familiar from their Wo? a 
social studies (use of fire, stone tools, etc.), Where will you place the 
extraction of copper from its ore? ( About one fifth the distance from ess 
end point.) Next to this technological development, indicate the e 
by which man learned to obtain copper. (Trial and error.) Where © 4, 


a0 
you place the beginning of scientific learning? (Probably near the n s 
ern” end of the time line.) 


Where do you place the greatest adva” e 
in modern technology? (Still nearer the “modern” end.) What o 
items on the time line show? (Until there was understanding of CO 
progress in technology was painfully slow; when the atomic an 
ular structure of matter was understood, both science and tech” 
became partners and moved rapidly.) The problems of the techn? 
led scientists to seek out concepts; the formulation of concepts 1e 


nologists to invent new products. gan 
R > a : 

Pupils may not agree on an approximate date at which scienc® oal 

ist a scientist? -) Did he have ® igh 

(Yes.) What did he lack? ( e Pome y 


a cept 


mole” 
olo% 
og 
i "hy 


te 


Was the medieval alchem 


cientist prepare himself for his work: in ow 
Mvestigation does he use? (The heading „ pa) 


eacher’s Edition, 


processes of learning and 
margin throughout this T, 


Are you sure? How would e p 

r you find out? i mor 
course!) Suppose, though, k i is hes i oe your pe 
mometer, at 210° Yaten boned, onclusi” yi 
ou jump to the con g 


the tools used. (Accuracy of the thermometer, air pressure, and the 
ied of the water, for example, need to be considered.) How could 
riage about the boiling point of water be changed to be assi 
T Pupils should recognize that the scientist questions ey = 
OW * he is unsatisfied that all the conditions have ‘been ested. Why, 
“ver, does a scientist not have to test every question: He recognizes 
ime nesty of scientists before him who have investigated a problem = 

S- Pupils should then recognize that technological advances r 

aoe foundation of tested hypotheses, evidence, eran pA 
tions; “mmary, you may wish to consider some of the fo g 


L] : ; ing of 
am did Hall's process of extracting aluminum show the testing 0 
a s g 
Pt? What was that concept? 


a has the kinetic theory of heat been 
m W did the knowledge of the structure of m 
ent of alloys? 
: ys? Of new fibers? i ziron- 
Ment? yyy PAS knowledge of concepts enabled man to ee a tee 
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UNIT TWO 


IDEAS AND TOOLS: 
FOR NEW PRODUCTS 


To walk upon another world for the first time in human history 
is the greatest adventure ever planned. Yet by the turn of this 
decade man expects to set foot upon the moon. This adventure 
will generate a demand for new materials that are stronger, or 
tougher, or stiffer, or more resistant than existing ones. 


Engineers who design structures constantly seek new materials 
that are stronger and stiffer than existing ones. The microphoto- 
graph on the opposite page shows silicon fibers imbedded in 


aluminum to increase strength but not weight. 


Two hundred years ago, there was no penicillin, no nylon, no 


plastics, no steel bridges, no gasoline, and no aluminum. How did 
man get along without these things? How did they come about? 


What new materials will the future demand? Who will discover 
them, invent them, or design them? 


Every significant advance in science is the result of the combined 
thought of many minds. Through the efforts of the scientists and 


engineers, each of us is able, through the application of research 


chemistry, mathematics, medicine, and 


in astronomy, physics, 
biology: to develop into a happier, healthier, and more efficient 


citizen of the universe. 


This unit begins a study of the way that man, as scientist and engi- 


neer, uses ideas and tools, imagination and skill, to produce new 


products to meet new demands. 
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1. Charles Hall 
and His Discovery 


About 85 years ago, Charles Mar- 
tin Hall, a student at Oberlin Col- 
lege, found the objective of his life’s 
work. § In his chemistry class the 
teacher talked about the need for 
metals, especially aluminum. Alumi- 
num is the most common metal in the 
earth’s crust: but in spite of its abun- 
dance it was very expensive at the 
time that Charles Hal] was in college. 


ecause it was dif- 
re aluminum from 
ce made its use im- 
dings and for trans- 


als except aluminum and magnesium 
had been known and used for hun- 
dreds of years. Why, then, wondered 
Hall, was aluminum so difficult to 
produce? How and why was Hall able 
to develop a method for separating 
aluminum? Why had it not 
200 years earlier? 

After Charles Hall graduated from 
college, he began to investigate the 
problem of finding an easier and 
cheaper way to separate aluminum 


from its ore. His laboratory was the 
family woodshed. 


been done 


unts of the metal ata 
very low cost, © 


Aluminum Everywhere About You 

Aluminum, the most abundant 
metal in the Earth’s crust, is twice 
as abundant as iron. All igneous rocks 
contain aluminum, but aluminum 
usually remains insoluble in the form 
of clay. So, whenever you take a hand- 
ful of clay from the ground, you may 
be picking up a compound containing 
aluminum. The aluminum is chem- 
ically combined with several other 
substances and has been in the earth 
for millions of years. It was there 
2,000 years ago—1,000 years ago. 
Why then did man not use aluminum 
earlier? He did not know enough. 
He did not know as much chemistry 
and physics as is known today. 

Two thousand years ago man did 
not know aluminum was in the earth. 
Even 150 years ago aluminum was not 
used. Man had not learned how to 
separate the aluminum compound 
from the crust of the earth, nor how 
to separate the pure element alu- 
minum from its compound. Before 
this was possible, the concept of the 
way elements join to form a com- 
pound had to be understood. This 
concept is no more than about 150 
years old. 

At that time, John Dalton, an En- 
glish school teacher and scientist, had 
just begun to demonstrate that all 
matter was made of atoms, and he 
taught that these atoms combined to 
form compounds. Charles Martin Hall 
used this concept in his investigations 
of a way to separate aluminum from 
its compound. 


It had been known before Hall 
began his work that some kinds of 
ore, especially the ore called bauxite 
(bék’sit), are very rich in a com- 
pound called aluminum oxide. A Oxy- 
gen is the other element in this com- 
pound. The aluminum and oxygen are 
combined chemically so that it is very 
hard to separate them. Hall’s great 
discovery was a way of separating alu- 
minum from its partner (oxygen) in 
aluminum oxide. 

The investigation that you find on 
the next page will give you an idea of 
how pure aluminum is obtained, al- 
though the investigation is done with 
another metal, copper, which can be 
separated easily from its most com- 
mon compound, copper sulfate. In 
school laboratories, it is not easy to 
separate aluminum from its com- 
pound (the oxide), but the idea is 
much the same if we try to get the 
pure metal, copper, from copper sul- 
fate. Try the next investigation, 
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AN INVESTIGATION into What Happens 


Needed: about 3 teaspoonfuls of cop- 
per sulfate; two glasses; water; two 
pieces of insulated wire about 
1 foot long; a dry cell; and 1 table- 
Spoon of washing soda 


You will also need two small pieces of 
Silver: Perhaps two Silver coins or old 
unwanted pieces of jewelry, such as 
charms from a charm bracelet. Any sil- 
ver or silver-plated objects will do. 


he owner to make sure 


DANGER: The co 
fate is Poisonous, 
DO NOT GET ANY IN YOUR MOUTH, 


Wash your hands after the investi- 
gation. 


Mpound copper sul- 


out Sinch of the other 
end of each wi - Connect these ends 


to the dry Cell, as shown. Use only one 
.@ 

Pour hot Water into the glass until it 
IS three-qy rters full, dd 1 level tea- 
Of copper Sulfate to the hot 
Stir until the Compound is 
hen, add More level tea- 

of co p 


Pper Sulfate and stir un- 
Solve, 


When an Electric Current Is Passed Through Copper Sulfate 


Now put the pieces of silver into the 
solution, but do not let them touch 
each other. a Leave them until you see 
that one of the pieces of silver has 
turned a copper color. ® 

What has happened? First, an elec- 
tric current goes from the dry cell 
through the compound copper sulfate. 

The coin becomes coated, or plated, 
with copper. Where could the copper 
have come from? 

If you leave the coin in the solution 
long enough, the blue color seems to 
disappear. The copper sulfate is gone. 
What is your explanation? 


Additional Investigation: To which ter- 
minal on the dry cell is the coin that re- 
ceives the coating of copper con- 


nected? What happens if you change 
the terminal to which each coin is con- 
nected? 

How would you explain what hap- 
pens? If you cannot explain it, where 
would you go to find out? 


eg 


From Our Copper to Hall’s Aluminum 
A good explanation of the effect 


the solution, 
at an important discovery! Of 
been nown that an 


copper 
plates 
here 


copper sulfate sofution 


of using it, Through his efforts the 


element aluminum could finally be 
made useful, 


tri 


orm pure solid *uminum ingots 
(ing’gots), 
Aluminum ma 


ay °°d conductor of 
electricity and is used in the electri- 


cal industry, It is used to make col- 


OE O. 


lapsible toothpaste tubes. Today, ce- 
ramic engineers use it to make a va- 
riety of things harder and stronger, 
nose cones on rockets, for instance. 
There is no foreseeable end to the 
list of uses for aluminum. 

Look about you. You will find 
many objects made of aluminum: 
pots, pans, ladders, aluminum foil, 
and screens. Because it is light in 
weight, aluminum is used in airplane 
construction; because of its strength, 
it is often used to replace steel and 
copper. Like iron, it does combine 
with oxygen; it forms aluminum 
oxide. A thin coating of aluminum 
oxide, however, protects the pure alu- 
minum beneath it, whereas the coat- 
ing of rust on a piece of steel does 
not protect the metal. Sooner or later 


the steel will rust through. l 
Under certain conditions, the oxide 


coating on aluminum will absorb vari- 
ous dye stuffs. Colored aluminum is 
used extensively for many purposes. 


electric 
current 


melted 
aluminum 
settles 
here 


Ideas and Tools: 
Relatives in Discovery 

A study of the way Hall produced 
aluminum is important for many rea- 
sons. One of the reasons is that it 
shows the advantage of man’s brain. 
It shows how man can use a discovery 
to change his environment and, there- 
by, to improve his way of life. Alumi- 
num compounds always have been in 
the earth, but bears, or lions, or mon- 
keys are not able to take advantage 
of them. Man can and does, He in- 
vents not only new tools but also new 
ideas, or concepts. It is important that 
you consider both of these aspects of 
man’s activity as a scientist. 

Man is interested in what is going 
on around him in the universe. He 
observes, analyzes, and reflects upon 
what he has observed. He asks end- 
less questions, usually of himself. 
Some of the best ideas are nothing but 
questions. In fact, the business of 
science is one of asking questions. The 


carbon rod 
electrode 
dissolved 
aluminum 
oxide 


melted 
aluminum 
iS run off 
here 
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Isaac Newton 
(1642-1727) 
concepts of motion, 
gravitation, 

and light 


John Dalton 
(1766-1844) 
concept of matter 
as particles 


Louis Pasteur 
(1822-1895) 
germ theory 

of disease 


Albert Einstein 
(1879-1955) 
concept of 
relativity 


kind of science one gets depends on 
the kind of questions one asks, and 
some of the answers have become the 
major concepts of science. 

As an example, scientists have de- 
veloped, after many hundreds of 
years, an explanation of the structure 
of the material universe—the world of 
matter. In developing this explana- 
tion, they observed and investigated 
the odd assortment of the billions of 
things we see around us—rocks, rain, 
and robins; pencils, paper, and peb- 
bles; sand, salt, and seaweed; trees, 
toads, and tin; water, wax, and 
worms; the moon, man, and money. 

It is one thing to look at each of 
these things separately. They seem to 
have no relationships between them, 
to be totally different, helter-skelter, 
scrambled, without order, 

It is another thing to discover that 
all these things are related in that 
they are all made from tiny particles, 
atoms and molecules. An understand- 
ing of this concept that all matter is 
composed of combinations of less 
than 100 different kinds of tiny par- 
ticles brings order out of disorder. 
The billions of things around us may 
not be helter-skelter after all; they 
are indeed related in that they are 
all composed of atoms and molecules. 

Developing concepts, then, about 
the universe, is one aspect of man’s 
activity as a scientist. 

Another aspect of man’s activity as 
a scientist is his interest in using these 
concepts to invent things that work— 
tools, machines, or new materials. As 


we have seen in the case of Charles 
Martin Hall, this kind of scientist or 
engineer takes the concepts that have 
already been developed, and applies 
them for some special purpose. 
Charles Hall did this when he sep- 
arated aluminum from its ore. 

Hall used concepts that had been 
developed by other scientists. For in- 
stance, he combined his knowledge 
of the concept that matter is made up 
of particles with the concept that en- 
ergy can be changed from one form 
to another. On the basis of his under- 
standing of these two concepts, he 
split the compound aluminum oxide 
by means of electric energy. He sepa- 
rated the element from the compound. 

You will come across the two as- 
pects of man’s activities as a scientist 
again and again. The one aspect in 
which he seeks to explain what he ob- 
serves in the universe is usually called 
pure science. The other aspect, in 
which he applies the concepts of sci- 
ence to invent tools, machines, or 
materials is called applied science or 
technology (tek-nol’a-jé). 

To use another example, the pure 
scientist is mainly interested in ex- 
plaining light; the applied scientist, 
or engineer, is primarily interested in 
inventing a light bulb. When the ap- 
plied scientist works on light bulbs, 
however, he may actually find out a 
great deal more about light. In the 
same way, when the pure scientist in- 
vestigates light, he may discover a 
way to make a better light bulb. Ideas 
and inventions go together. 


Thomas Edison 
(1847-1931) 
technology of 
electricity 


Guglielmo Marconi 
(1874-1937) 

wireless 
communications 


Jonas Salk 
(1914- ) 
medical research 
and development 


Wernher von Braun 
(1912- ) 

rocket research 

and development 
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It is very hard to find a person who perhaps it is more correct to say that 
is a pure scientist only or an applied the scientist is interested in concepts, 
scientist only. Most scientists are a while the engineer is more interested 
combination of both. Ideas, or con- in techniques involved in tools, ma- 
cepts, and tools go hand in hand; but chines, or materials. 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


1. To get aluminum we must separate it from 
a. cryolite b. bauxite 


2. An electric current can release copper from 
a. copper sulfate b. aluminum sulfate 


3. In order to electroplate a substance, the substance must 


a. conduct electricity b. not conduct electricity 
4, Hall’s work in separating aluminum from its ore is an 
example of 
a. pure science b. applied science 


B. Write a paragraph or two on this topic: Science and Tech- 
nology. 


USING WHAT Engineers are primarily concerned with advances in tech- 
YOU KNOW nology. (This is not to say that engineers are not interested 
in pure science.) On the basis of what you now know about 

technology, who would you say is primarily responsible for 


work on rockets, scientists interested in pure science or scien- 
tists interested in technology? 


ON YOUR OWN Which of the following men were more interested in tech- 


nology than in pure science? The library will help. 


Charles Hall Albert Einstein 
Wernher von Braun Louis Pasteur 


56 


a ee 


development 
of 
organisms 


pull of gravity 
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ration of birds 


2. Uses of a Concept 


In this part of your book you have 
been reading about the uses of dis- 
covery. You have been focusing atten- 
tion on how man uses the concepts of 
science to improve his way of living. 
There is much more to a concept, 
however, than its use in technology. 
A concept in science that developed 
from observation of certain objects 
and events can often be expanded to 
explain other objects and events. 

Events that the scientist seeks to 
explain are called phenomena ( fi- 
nom/a-ne ).@ Examples of such events 
are weather, the fall of meteors, the 
revolution of the planets, the pull of 
gravity, the migration of birds, or the 
transfer of heat. 

Would you be surprised to find that 
the concept matter is made of par- 
ticles helps us to understand one of 
the most important phenomena of our 
environment—heat? What is heat? 
Several investigations may help you 
to find out. Try those suggested on 
the following pages. 


PHENOMENA 


AN INVESTIGATION into the Motion of Molecules 
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Needed: two Pyrex beakers; hot and 
cold water; ink; a medicine drop- 
per; a watch 


Fill the two Pyrex beakers almost to the 
top. One should be filled with very hot 
water and the other with very cold wa- 
ter. Allow the beakers to stand until the 
water is quite still. 

Put exactly four drops of ink into 
each with a medicine dropper.m Place 
your watch on a nearby table and note 
the exact time when the ink was added. 

Watch closely! Notice how the ink 
swirls around and begins to mix with 
the water.@ Notice how the swirls con- 
tinue to move. Why are they moving 
even though the water seems to be 
quite still? 

The molecules of ink are mixing with 
the molecules of water. Are the mole- 
cules of ink moving? 

Which seems to be moving faster, the 
swirls of ink in the hot or in the cold 
water? Which molecules of water are 
moving faster, those in the hot water or 
those in the cold water? A 

How long does it take the ink to be- 
come completely mixed with the hot 
water? 

How long does it take to mix with the 
cold water? What is your explanation for 
the difference in time? 

Now try the investigation on the op- 
posite page. Analyze the results of each. 


aai 


AN INVESTIGATION into the Nature of Heat 


Needed: a flask; a small vacuum bottle; 
modeling clay; a long tube; some 


water; ink 


exactly as shown in the 


Set up the flask 
ortant that the flask be 


picture. It is imp 


filled with water. 
Color the water with several drops of 


ink. Place the modeling clay and tube 
in the flask. Press down until the water 
rises part way in the tube. 


a. Hold your hands around the flask 
for 5 minutes. What happens? E 

b. Repeat the investigation, but use 
a vacuum bottle (that has been removed 
from its case) in place of the flask. @ 
Compare the results from both. Get the 
average from several trials. 

A number of students who did this 
investigation got the results below. 

How do you explain their results? How 
do they compare with yours? 


Rise of Column of Water Rise of Column of Water 


(in tube with flask) (in tube with 
vacuum bottle) 
1. Average of results of , ' 
investigations by 11 students 14 in. no rise 
in a class in New York 
1Z in. L i 


2. 22 students in a class in Ohio 


16 


59 


The Energy of Moving Molecules 

The human body is warm. Some of 
the chemical energy derived from the 
food we eat is changed to heat energy. 
The rest of this chemical energy is 
used for movement of the body, for 
growth, and for other body functions. 
Some of the heat energy can be trans- 
ferred from the body to the flask. 

How do you know that heat energy 
is transferred? The evidence is found 
in the investigation on page 59: the 
column of liquid rises in the tube from 
the flask in the same way that a liquid 
rises in a thermometer. 

Why does the column of liquid 
rise? Let us try to apply the concept 
that all matter is composed of par- 
ticles (in this case the particles are 
water molecules) to explain why the 
liquid rises. Reason this way: The 
liquid is composed of molecules of 
water. Heat energy is transferred 
from your body to the water by hold- 
ing your hands around the flask. m 
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The water expands and occupies more 
space as it moves up the tube.© Why? 
You did not add more molecules of 
water. Therefore the same number of 
molecules must be occupying more 
space. How can the same number of 
molecules occupy more space? The 
motion of molecules is the answer. 

The moving ink swirls in the first in- 
vestigation (page 58) demonstrated 
that even though the water appeared 
to be quite still, the particles of water 
must have been moving in order to 
mix with the particles of ink. On the 
basis of this observation we now can 
add the concept that molecules of 
matter are in constant motion to the 
concept that matter is composed of 
molecules. 

With this expanded concept we 
can now explain more fully how the 
same number of molecules can oc- 
cupy more space. When the heat from 
your hands was transferred to the 
molecules of water in the flask, the 


molecules began to move faster and 
faster. (Recall the faster-moving ink 
swirls in the beaker of hot water on 
page 58.) As the molecules in the 
flask moved faster, they pushed far- 
ther apart. They bounced faster and 
harder against the sides of the flask; 
but the sides of the flask are rigid and 
do not move, at least not so you can 
notice. The only way then for the 
molecules to move farther apart is to 
move farther up the tube. The volume 
increases while the number of mole- 
cules remains the same. 

The warmer the liquid becomes, 
the higher the liquid will rise in the 
tube. As the liquid cools, the column 
will fall. You can determine this by 
putting the flask in a refrigerator for 
an hour. 

If you recall the beakers of hot and 
cold water on page 58, it was the 
beaker of hot water that showed the 
greatest activity (the molecules were 
moving faster). It is from such obser- 
vations that scientists have come to 
explain heat as the motion of mole- 
cules. 

Molecules occupy space. The faster 
they move, the more space they oc- 
cupy. This is the reason that a ther- 
mometer works. As the temperature 
rises, the molecules move faster, so 
that the liquid expands and rises in 
the tube, What about gases and 
solids? Do they also expand when the 
temperature rises? 

Anyone who observes what goes on 
around him realizes that most ma- 
terials expand as their temperature 


rises. The expansion of gases is far 
greater than that of liquids, but gases 
and liquids expand more than solids. 

Designers and builders of many 
common objects must be aware of 
expansion and provide for changes in 
size. Bridges must have joints which 
allow for the maximum expansion on 
the hottest day. Cracks are left in side- 
walks to keep them from bending 
under pressure. Do you know of other 
situations in which expansion could 
be a problem? Do you know any use- 
ful effects of expansion? Remember 
that expansion occurs when the tem- 
perature rises. 

The water in the vacuum bottle did 
not get warmer when you held your 
hands around it. Why not? Reason 
this way: Heat is transferred from one 
place to another by moving mole- 
cules. Molecules in the wall of a glass 
flask will transfer the heat from your 
hand to the water inside, as shown. A 
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However, a transfer of heat cannot 
take place easily through the walls of 
a vacuum bottle. Look at the diagram 
below. m Notice that the vacuum bot- 
tle has two layers of glass. Between 
the layers of the vacuum bottle most 
of the air has been removed and very 
few molecules remain. For that rea- 
son, heat is not transferred. There is a 
shortage of moving molecules in a 
vacuum. The vacuum serves as an in- 
sulator (in’sa-la’ter). Insulators slow 
down the transfer of heat from one 
place to another. They can be used 
to keep heat out or to keep heat in. 
What makes a good insulator? 


a VACUUM BOTTLE 


water outer 


layer 
of glass 


inner 
layer 
of glass 


ra 


G 
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@ 
layer of 
insulation 
inner wall 4 
outside 
of house 


Certain materials can slow down 
the motion of molecules. They make 
good insulators also. Insulation, in 
the walls of a house, traps tiny pock- 
ets of air that can help keep heat in (in 
the winter) or help keep heat out (in 
the summer). The illustration shows 
how insulation can be used. © 


The Nature of Heat 

Heat is the energy of moving mole- 
cules. The faster they move, the great- 
er the heat. The faster they move, the 
more space they occupy, if they are 
not enclosed. Would you say that the 
molecules of a gas move faster or 
slower than the molecules of a liquid? 

The molecules in ice, water, and 
water vapor are the same except for 
their motion. When the molecules in 
ice or water move fast enough, they 
can escape and move as individual 
molecules of water vapor, a gas. 
Changing from ice to water and then 
to water vapor is only a matter of 
transferring heat from one place to 


another; and heat is the energy of 
moving molecules. 


Moving molecules have kinetic en- 
ergy (kinet’ik en’ar-jé). Kinetic en- 
ergy is energy of motion. Fast-moving 
molecules have more kinetic energy 
than slow-moving molecules. If heat 
is the energy of moving molecules, 
then heat energy is one kind of kinetic 
energy. This is a very important con- 
cept about the nature of heat. 

When molecules collide, that is, 
when molecules bump into one an- 
other, some of the kinetic energy of 
the faster-moving molecules can be 
transferred to the slower-moving 
molecules. The amount of energy 
transferred depends on the mass of 
the molecules. Why? Kinetic energy 
depends on both the mass of an object 


and its velocity. This is an important 


CONCEPT 


All matter 


is composed 
of particles 


point to remember about the nature 
of heat. Now, to the concept that all 
matter is made of particles can be 
added the concept that heat is the 
kinetic energy of molecules and that 
energy can be transferred by the col- 
lision of particles. 

This explanation for the nature of 
heat is called the Kinetic Theory of 
Heat... The kinetic theory will be 
very useful as you study the behavior 
of molecules. In any event, the kinetic 
theory enlarges our understanding of 
the world about us. 

The world of matter is a world of 
particles. Furthermore, these par- 
ticles of matter have kinetic energy. 
They are in constant motion. An un- 
derstanding of the concept of parti- 
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cles in motion results in some very 
important uses. For instance, by using 
the concept you can explain the phe- 
nomena illustrated below. m 

The scientist develops a concept 
through investigation of the objects 
and events around him. The engineer 
uses a concept or concepts in a dif- 
ferent way from the scientist. The 
engineer uses concepts to invent 
many useful tools, materials, and ob- 
jects. For example, engineers have 
applied the concept of molecules in 
motion to the invention of such things 
as rockets, engines, insulation, valves, 
and other devices, A few of these 
devices are shown on the opposite 
page. © With these devices he changes 
the environment and activities of man. 


winds caused by 
rising hot air 
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Eoo s on a hot day 
| pe A aN A a 


Do you now see how ideas and 
tools, or science and technology, go 
hand in hand? 

Sometimes, however, the invention 
comes before the explanation. As the 
scientist tries to explain the inven- 
tion, he develops the concept. Once 
the concept is understood, inventions 
increase at a much faster rate. 

For anyone who is interested in the 
world around him and is curious about 
the amazing progress of man’s mind, 
few subjects are more interesting than 
a history of inventions. You would find 
how they have changed the patterns 
of human life down through the ages. 

We become aware of this in the 


warm water moving 
in Gulf Stream 


tire gets harder 


= intank 


A. Study the statements below and choose the correct re- 


BEFORE 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 
J. If there were no light or heat from the sun 
a. all life would b. the air would 


cease remain a liquid 


2, Matter is made up of particles is a statement of a 
a. scientific event b. scientific concept 


3. In the body the chemical energy in the food we eat is 
a. completely changed b. partly changed to 
to heat energy , heat energy 
4, The phenomenon of heat can best be explained this 
way: 
a. particles of matter b. there is a substance 
are in motion known as heat energy 
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USING WHAT 
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YOU KNOW 


5. When the motion of particles in a substance is very 
great, kinetic energy is 
a. high b. low 


6. When the motion of particles in a substance is low, 
kinetic energy is 
a. high b. low 


7. When the kinetic energy of a substance is increased, 
its heat is 


a. higher b. lower 
8. The Kinetic Theory of Heat is best used to invent 
a. better insulating b. ways of getting animals 
materials to produce more food 


9. The development of concepts is primarily (although 
not always) the work of the 
a. scientist b. engineer or 
technologist 


10. Inventing new materials and machines is primarily 
(although not always) the work of the 
a. scientist b. engineer or 
technologist 


B. Write a paragraph or two (with examples) on this topic: 
The Importance of a Concept. 


l. Science and technology go hand in hand. Explain how 
this might be so in the invention of a new kind of tire, one 
that resists blow-outs more than any present tire, 


means that no molecules would be in motion. Describe at 
least one of the conditions which you would suppose to be 
true of that substance. 

3. Cryogenics is a branch of science which deals with very 
low temperatures, It is a branch in which a great deal of re- 
search is being done. Watch for current news items. 


ON YOUR OWN 


You know that accurate measure- 
ment is important to the development 
of any concept in science. 

Investigate on your own the way in 
which the temperature of a substance 
is measured. The two most common 
scales used to measure temperature 
are called the Fahrenheit scale (which 
is probably familiar to you) and the 
Celsius scale. E 

What is the freezing temperature 
of water on the Fahrenheit scale? on 
the Celsius scale? What is the boiling 
temperature on each? How many de- 
grees difference is there between boil- 
ing and freezing on the two scales? 

Can you convert a temperature 
reading from the Fahrenheit to the 
Celsius? How would you convert 20° 
Celsius to the Fahrenheit scale? 

Just as we sometimes change feet 
into meters, there are times when it 
becomes necessary to change a tem- 
perature reading from one scale to 
the other. 

Lacking a scale which gives both 
readings at once, the following for- 
mulas are useful in converting back 
and forth from Celsius to Fahrenheit: 


a. C = 5/9 (F— 32) 
b. F = (9/5 XC) + 32 


Explain in your own words the con- 
cepts which underlie the development 
of the thermometer as a tool for the 
scientist. How many ways do you 
know that thermometers are useful? 
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3. The Uses of Ideas 
and Tools: New Metals 


Beavers, ants, bees, and swallows 
are all constructive animals, but their 
cells, nests, and burrows are the same 
today as they were years and years 
ago. They do not change their way of 
doing things. Man alone among living 
things can invent and change the 
natural order, He progresses by means 
of his inventions, 

Sometimes man invents or discoy- 
ers a way of doing things before he 
can state the concept which explains 
it. We go back to ancient man to find 
an example. 

In a way, we are lucky that ancient 
man had no garbage trucks, When he 
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finished eating an animal, he threw 
the bones on the ground or on the 
floor of his cave, alongside his broken 
tools. = These ancient dumps tell us 
a great deal about the way ancient 
man lived. 

For instance, as different tribes 
moved into the caves, they used dif- 
ferent tools. Suppose tribe A lived in 
the caves first and used a kind of axe 
known as a hand axe. © Many years 
later tribe B moved into the caves. 
Suppose they used axes with a handle 
or haft and discarded them in the 
same dump as tribe A. à 

Scientists of today, digging in the 
dump, would find the remains of both 
kinds of axes. The broken tools of 
the tribe which came first would be 
found in the dump below those of the 
later tribe. In this Way, scientists can 
tell which tribe came first, 

By studying these ancient dumps, 
called kitchen middens, scientists 
have been able to piece together a 
story of how early man used the 
things he found around him. This 
story is told in the tools he used. 


Study the photograph of some tools 
of ancient man. Can you guess 
which were the tools of the earliest 
tribes? Check your guesses with the 
answers given at the bottom of page 
71. Which tools were made by the 
later tribes? 

How did early man happen to in- 
vent and use tools? This is an impor- 
tant question. No living thing, other 
than man, has ever been able to do 
this or is able to do it now. Further- 
more, early man learned from the 
men who came before him, even as 
you do now. 

We have evidence that about a 
million or so years ago, there lived in 
Africa a creature that walked upright. 
Skeletons of these creatures have been 
found. Near their skeletons have also 
been found the skeletons of baboons 
that died because of blows from 
stones which broke their skulls. Some- 
one had killed them with stones that 
had been sharpened. Man had found 
a stone and invented a weapon. He 
took a stone from nature, changed it, 
and made it a part of his scheme of 
things. 


An Advance 

For hundreds of centuries man 
knew nothing about metals, although 
he did know that with fire metals 
could be extracted from ores. Any 
attempt to explain how man dis- 
covered metals can only be a calcu- 
lated guess. In all likelihood, the dis- 
covery of metals came about by 
sheer accident. 


From your study of aluminum re- 
member that man is not always aware 
of all the materials around him. He 
had to learn from experience what the 
materials are, and how they can be 
used. For example, in the time of 
early man, coal and oil were present 
in the crust of the earth, but he did 
not use them. Copper and gold were 
there also, undiscovered and unused. 
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The soil was there, but man had not 
yet learned to cultivate the soil to 
grow his crops. 

It took thousands of years for man 
to become a farmer, a food-producer. 
Before he became a food-producer, 
man had been a food-gatherer. That 
is, he gathered the fruits, berries, and 
nuts that he found around him. He 
hunted the animals. In this stage of 
food-gathering, he did not plant 


seeds, nor did he raise his own ani- 
mals for meat. He was not yet a food- 
producer. 

Before man became a farmer, he 
had to invent and learn to use the 
tools he needed to work the earth. It 
took a long time before he learned to 
make a plow. The first plow may have 
been just a stick like the kind still 
used in some places on the earth. M 

In order for man to become a food- 
producer—to produce food by plant- 
ing and harvesting or to produce ani- 
mals and animal foods (milk, meat, 
and eggs) by domestication and care, 
man had to invent tools. He had to in- 
vent a technology which would help 
him produce food. Wooden and stone 
tools, although useful, were not good 
enough. They wore out easily; they 
broke; they were not hard enough. 

Soon man was to discover metals. 
The first metal he discovered, more 
than 8,000 years ago, was copper. 
This was a natural discovery, because 
unlike aluminum, the element copper 
could be found in many places in its 
pure form. The copper did not have to 
be separated from any ore. ® Ancient 
man found deposits of pure copper in 
many places. Much of it was on top 
of the ground. He soon learned to 
shape spearheads and tools out of 
copper. For many centuries man used 
weapons and tools made from “na- 
tive” copper, as it is called. He had 
no idea that he could get much more 
copper from ores. He had not yet dis- 
covered that metals could be sepa- 
rated from many rocks, or ores. 


The discovery of metals happened 
long before man had any idea what 
atoms and molecules are. Perhaps the 
discovery that metals could be sep- 
arated from ores happened this way. 


An Ancient Fire and a Great Discovery 
Imagine a group of men standing 


around a fire heating and shaping 


spearheads made of “native” copper, 


as shown in the picture. å This, of 
course, was a long, long time a89- Sci- 
entists believe that somewhere, some- 
how, in just such a situation as this, 
man made a great discovery: 

The men built their fires with 


wood, of course (coal and oil had not 


yet been discovered ). To make a hot- 
arheads, 


ter fire for softening their spe 
perhaps they built a wall of stone, 
with openings for a draft, as in the 
picture. They would have used the 


rocks that were available around 
them. Some of the rocks may have 
ds of 


been ores, containing compoun 
certain metals. 


A wood fire can become very hot. 
Imagine that some of the rocks used 
next to the fire contained copper ore. 
The ore might have been cuprite 
(kyoo’prit), which contains the com- 
pound copper oxide. In the case of an 
iron ore, the compound might have 
been iron oxide. Imagine that in this 
particular ancient fire the rock con- 
tained a copper oxide ore. 

Perhaps, then, the discovery of cop- 
per was accidental. To see what may 
have happened, try the investigation 
on the next page. 


grinding 
stone 


dagger chisel knife saw scythe 
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AN INVESTIGATION into Getting a Metal from Its Compound 


Needed: some black copper oxide; a 
hot flame from a Bunsen burner or 
an alcohol lamp; rubber tubing; a 
blow pipe; tongs 


Take up a bit of the copper oxide in the 
tongs. Ask your teacher to light the 
Bunsen burner and to adjust it to get 
a good blue flame. Then your teacher 
can hold the piece of copper oxide in 
the flame with the tongs.™l Soon the 
tongs become red hot.@ After a while, 
they can be opened slightly to allow 
even more heat to reach the copper 
oxide, which should stick securely to 
one side. After several minutes of di- 
rect heating, the tongs can be placed 
on a piece of tile to cool. When the 
tongs are cool enough, scrape some of 
the black coating from the copper ox- 
ide. Does red, shiny copper appear? A 


Additional Investigation: Repeat the 
same investigation, only this time use a 
piece of green copper carbonate (mala- 
chite [mal’a-kit], another copper ore). 


Do you again get pure copper? What 
else is given off? 


The Discovery 

Imagine the surprise of the ancient 
men to find, after the fire had died 
down, that there were beads of cop- 
per on some of the rocks. The rocks 
were deep down in the fire, where the 
temperature had been very high. The 
copper must have come from common 
ordinary rocks. 

In this way a great discovery was 
made. Apparently, or so ancient man 
may have reasoned, all one has to do 
is to build a hot fire near a copper 
ore, and copper will be found after 
the fire dies down. The fire must be 
very hot. Really, a blast of fire is 
needed, Ancient man was NO chemist, 
yet he learned how to obtain copper 
before he knew about atoms an 
molecules. 

Later on, man learned that this 
fire-formed metal could be used for 
purposes other than for the tips of 
spears. He learned it could be forme 
into pots and pans. Many thousands 
of years later (8,000 to 10,000 years 
later), man learned that coppe” coul 
be made into wire to carry an electric 
current. He learned this eve? before 
he understood the concept that an 
electric current is a flow of electrons 
in a conductor or the reasons why 
copper is a very good conductor. 

Other metals, such as iron, lead, 
and mercury, may also have been sep- 
arated from their ores in some O 
those early fires. Scientists are not 
completely sure. After all, ancient 
man did not leave a written record. 
The alphabet had not yet been in- 


vented. We do know, however, that, 
somehow, early man reasoned that 
when some kinds of rocks were heated 
enough, they would yield a metal 
that was useful in his daily life. He 
learned by accident and by experi- 
ence and observation. His observa- 
tions led him to imitate the natural 
processes and to invent others. 

From what we can guess, early man 
did not set up an investigation as did 
Charles Hall or as a modern scientist 
would do. Early man knew how to ex- 
tract the ore, but an understanding 
of why metal could be obtained from 
the ore was to come later. Under- 
standing could come only after man 
had learned enough to build a con- 
cept of the structure of matter. 

Copper first began to be used about 
8,000 years ago, probably in Egypt. 
No one knows exactly when or how 
it was discovered, but copper was 
mined on the island of Cyprus about 
5,000 years ago. | Cyprus was then 
known as the Copper Island. 


E 
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— meteorite 


On the basis of present evidence, 
scientists are certain that copper was 
used long before iron. Perhaps man 
had selected certain stones for the 
floor of his hearth because they were 
brightly colored—blue, green, reddish, 
or brassy (the colors of copper com- 
pounds). In the lower part of the 
wood fire the temperature was high 
enough to melt the metal, which 
was later found in the ashes. It may 
be well to note here that the invention 
of the hearth was an important part 
of this discovery. 

About 3,000 (or perhaps 5,000) 
years ago, iron began to be used. Some 
scientists believe that the first iron 
to be used may have come to the earth 
from outer space as meteors to form 
meteorites. Meteorites are made pri- 
marily of iron together with a few 
other substances. — 
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Trial, Error, and Success 

Once man began to understand 
that he could win (separate) a metal 
from its ore by using heat, he began 
to heat many different kinds of ores. 
You might think of it this way. Re- 
member the way you tried tying the 
bowline knot (Unit One). Perhaps 
you tried it one way, and then another, 
and failed. Then another trial, and 
there was success. Trial and error. 
Trial and error. Trial and success! 
Much of our learning is achieved in 
just this way, by trial and error. 

Early man may have heated many 
different ores, and by trial and error, 
found that heat alone worked on 
some ores and not on others. In his 
trials, he found also that a certain 
temperature was needed for copper 
ores; a higher temperature for iron 
ores. Man had to learn by trial and 
error until he discovered the reason 
for his failure or success, Once man 
learned that heat could separate cer- 
tain compounds, he could use a better 
method than trial and error, He could 
base his trials on reason, that is, on a 
concept of how heat could be used to 
separate metals from their ores. 

Let us see how understanding of a 
concept does away. with trial and error 
and helps man to plan his investiga- 
tions and inventions, 

It was ancient man who discovered 
how to separate certain metals from 
their ores. Copper is a metal which 
can be separated most easily. It is ex- 
tracted from ores containing copper 
oxide and copper carbonate. 


Early man knew nothing about the 
composition of compounds. We do, so 
we reason as follows: Somehow, the 
atoms in copper oxide are not held as 
tightly as the atoms in some other 
compounds. A very hot flame can sep- 
arate the copper from the oxide. 

The oxygen leaves the copper and 
combines with certain of the hot gases 
in the flame. The oxygen is then car- 
ried away in the hot gases. 

Iron is a different matter, as you 
shall see. Nevertheless, ancient man 
did discover a way of getting iron 
from its ore (by accident, or SO SCi- 
entists think). Perhaps he tried heat 
on all kinds of rocks and found that 
it worked with some and not with 
others. Thus, from his observations, 
he began to gather information. Once 
again, no doubt, a chance observation 
led to an important discovery, and 
then to another invention. 

Perhaps man realized that green 
wood cannot reach very high tem- 
peratures or that a hot flame was not 
enough. He may have observed that 
incompletely burned wood leaves a 
light porous residue that we call 
charcoal. Perhaps he found, by acci- 
dent again, that adding charcoal to 


his fire made the fire hotter and helped 
e metals from their 


to separate som 
is important to 


ores. Observation 


invention, 


Man’s next step, then, was to imi- 
tate the natural process and to make 
charcoal. Charcoal is mainly carbon 
and is very effective in separating 
some metals (particularly iron) from 
their ores. How is this possible? 

Suppose the ore is the oxide of a 
metal, such as iron. It is then possible 
for the oxygen in the oxide to combine 
with the carbon. In this way, carbon 
dioxide (a gas) is formed, and the 
metal is left behind. @ 

He probably did not learn this the 
first time. He probably observed 
again and again and again that he 
could separate the iron only when he 
had hot glowing carbon (wood coals) 
in his fire. He learned then to make 
iron this way: First, get a very hot 
fire and let it burn until the wood is 
thoroughly charred, that is, carbon- 
ized. Then, add the iron ore. Perhaps 
he found that blowing air into the 
fire would help to get a higher tem- 
perature. Here again observation was 
important to progress. Observing the 
effect that wind has in making a fire 
burn faster probably led to the idea 
of an artificial draft. 

Oxygen cannot be removed easily 
from iron oxide by the hot flame alone 
unless the temperature is extremely 
high. It can be removed much more 
easily when the oxygen acts with the 
carbon to form carbon dioxide (CO:). 
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Ancient man found this out by trial 
and error; but he did not understand 
it. Modern man, as a scientist, does 
understand because he has discovered 
the differences in the structure and 
behavior of the atoms and molecules 
of different substances. 

Copper oxide, for example, gives 
up its oxygen easily, either to carbon 
or to the hot gases in a flame. Study 
the figure to find what you would get 
when the oxygen combines with car- 
bon. The metal is thus freed in its 
pure state. Other common copper 
ores contain the sulfides and the car- 
bonates of copper. 

When green copper carbonate is 
heated, carbon dioxide is given off 
and part of the ore is changed to cop- 
per oxide.® The copper oxide can 
then be broken down to pure copper 
by the hot gases in a flame. Carbon 
dioxide is again given off. 

Ancient man did not know that 
each pure metal (or each pure ele- 
ment) is made of its own particular 
kind of atom. He did not know that 
pure iron is an element containing 
only atoms of iron; but there were 


many things that he did know. He 
discovered metals and the ways of 
working metals which are still the 
basis of modern metallurgy. He in- 
vented metal furnaces and learned to 
make charcoal. He combined copper 
and tin to form bronze, even before 
he understood the concept of the 
atom. Understanding the concept was 
to come later. When man did make 
this discovery, he was able to put the 
concept to good use. He was able not 
only to get iron from its ore but to 
combine metals in ways that ancient 
man could not have imagined. 

In the process he developed one of 
the important tools in the technology 
of making iron and steel. That inven- 
tion was the blast furnace. 

The blast furnace is a vast improve- 
ment over rebuilding the fire each 
time; but remember that it was the 
prehistoric inventors who extracted 
the first metals and built the first tools. 

Through an understanding of the 
structure of matter, man was able to 
build a technology for making iron, 


one of the most important metals in 
our civilization. 


Furnaces for Making Iron 

Look at the picture of the huge 
blast furnace, the kind used today for 
extracting iron. A Several different 
things go into the furnace, but you 
should now know which two materials 
must go into it. They are iron ore and 
carbon. The carbon is in the form of 
coke rather than charcoal. Coke is 
carbon which is made from coal in a 
way similar to that in which charcoal 
is made from wood. The materials 
which go into making iron are called 
raw materials. Iron ore, coke, and 
limestone are the raw materials for 
extracting iron and making steel. 

The coke and the iron ore are 
heated to a very high temperature in 
the blast furnace. Hot air is blown in 
at the bottom to increase the temper- 
ature, Carbon from the coke combines 
with the oxygen in the iron oxide. 
Carbon dioxide is given off and mol- 
ten iron is left. This hot molten liquid 
pours out through another opening at 
the bottom of the furnace. 

If you live in, or travel through, 
Pennsylvania or Indiana, you may see 
many huge blast furnaces like the 
one shown. Iron is reduced in them, 
and, even more important, modern 
man has learned to make steel from 
the refined iron. 

d by burn- 


Steel is iron that is refine 


ing much of the carbon and other im- 
d then adding a 


purities out of it an 

measured amount of carbon to it. 
When iron is heated in a blast furnace, 
much of the carbon remains in the 
iron. Crude iron is brittle; it breaks 
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Œ OPEN HEARTH FURNACE 


easily because it contains leftover car- 
bon. Most of this carbon is burned off 
in any of several types of furnaces. m 
The most exciting to watch is the 
Bessemer converter.® 

Fifty years ago, many of the items 
that people used were made from an 
iron called cast iron. It was not satis- 
factory for many purposes. Steel is 
much better; it is stronger. Today, 
most of the iron used is in the form of 
steel. Steel is made stronger by adding 
other materials and by heat treating; 
it adds strength but not weight. 


carbon 
dioxide 


® BESSEMER 
CONVERTER 


molten 
iron 
with 
carbon 
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Iron in the Earth 

Much of our iron comes from the 
Great Lakes region. In the hills near 
Duluth, Minnesota, a city on Lake 
Superior, is the Mesabi range. 

The iron in the Mesabi range is 
mainly an iron oxide. It may once 
have been pure iron, but all iron that 
is exposed to the air soon combines 
with oxygen to form iron oxide (rust). 

In the Mesabi range, the reddish 
iron ore is scooped out of an open 
pit.A Then it is shipped to a refining 
plant to be made into iron and steel. 

There is iron ore in every state in 
the United States, and it can be 
found in almost every country in the 
world. The most important iron ore 
regions are Minnesota, Michigan, 
Wisconsin, and more recently, Labra- 
dor. Almost four out of five tons of 
iron ore mined in the United States 
have come from the region around 
Lake Superior, 

Advancing the Technology of Steel 

Chemists and chemical engineers 
have discovered that metals can be 
given different Properties by adding 
other substances to them. This special 
use of substances had to wait until 


study their properties. He could then 
combine substances having different 


r 


properties to produce new kinds of 
metallic substances called alloys. 
Alloys are combinations of differ- 
ent elements, one of which must bea 
metal, An alloy has properties dif- 
ferent from either of the two elements 
which were combined. For instance, 
the chemist adds nickel and chromi- 
um to steel to produce a metal called 
stainless steel that does not rust. 


Study the table below. ¢ Do you 
have any such alloys at home? _ 

Without iron and steel man could 
not have built tall buildings and 
bridges. A steel bridge can corrode 
(ka-réd’) if it is not covered regularly 
with a protective coat of paint. When 
it is exposed to air, iron combines 
with oxygen to form the compound 
iron oxide, or rust. Thus, steel bridges 


TABLE OF COMMON ALLOYS 


i Uses 


linings for bearings 


cookware, ornaments, fireplace sets 


statues, guns, ancient tools 


U.S. coins 10¢ and up 


aos loy Metals contained 

; babbitt IAE tin, antimony, copper 
brass copper, zinc 
bronze T copper, tin 
coin silver silver, copper 


copper, mercury 


fillings in teeth 


| dentists’ amalgam 


german silver copper, zinc, nickel i jewel 7 

nichrome nickel, chromium | electric wire 

nickel (coin) nickel, copper g Ue piece : 

ewt tin, copper, bismuth, early American utensils 

SERER antimony 
f soas Tead, tin joining metals 
F SEEEN] iron, chromium, nickel ` knives, kitchen utensils 
f ul . 
Berwnte zed gold, nickel, zinc jewelry, watch cases 
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need to be painted regularly to keep 
them from rusting. To see the effects 
of rusting, or corrosion (ka-r6’zhan), 
try the investigation on the opposite 
page. 

Perhaps you have some metals in 
your pocket. Are they pure metals? 
For instance, is a dime pure silver? 
Is a penny pure copper? Is a nickel 
coin pure nickel? Or are they alloys? 
How could you find out? 

Ancient man learned about metals. 
Perhaps by trial and error, he learned 
to make bronze, an alloy of copper 
and tin. He learned about gold, silver, 
copper, and iron, and the uses of each. 

From the beginning, the techniques 
for working metals developed in three 
distinct directions. The first was the 
extraction of the metal from the ore by 
the use of furnaces. The second was 
the refinement of a metal by hammer- 
ing it, and the third, the casting of the 
pure metals into molds to obtain ob- 
jects for everyday use or works of art. 
But something else was important. 

If man had confined himself to 
scratching at the earth’s surface, the 
industry of metals would have ended. 
He had to dig into the soil and rocks 
to search for the ore; he had to learn 
to recognize it. He had to find some 
way to mine it. In short, in order to 
be a metal worker, man had to be- 
come a miner. He had to learn to light 
his way, to pump water from the 
mines, and to bring the ore to the 
surface. 

From chance discoveries man intro- 
duced a vast industry; but as he ad- 
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vanced, he invented tools and tech- 
niques. His progress became more the 
result of planning than of chance. 

The principle of alloys was dis- 
covered by chance and has remained 
unchanged through the centuries. 
Some primitive alloys survive today. 
Today, however, man knows a great 
deal more about the chemistry of 
metals, their microscopic structure, 
and their properties. He produces 
hundreds of different types of alloys 
ranging from the bronzes and brasses 
to the alloys of steel, 

The first metals to be used, apart 
from copper which was often found 
in its natural state, were gold and, per- 
haps, silver. Iron came last, because it 
required higher temperatures and 
more difficult techniques, 

By the middle of the nineteenth 

century, the groundwork had been 
laid for Henry Bessemer to design his 
converter. The production of steel and 
iron became easy and economical. 
Metallurgy changed from craftwork 
to a large-scale industry, 
Early man was a discoverer, but he 
learned mainly by trial and error. 
Nevertheless, he observed his envi- 
ronment and slowly he learned how 
to change his environment, Later, 
much later, he was to become a sci- 
entist; and, as a Scientist, he would be 
able to plan investigations. 

At the end of this book there is a 
section titled, “The Art of Investiga- 
tion (page 409), Why not take a 
look P You may want to do an investi- 
gation on your own soon. 


AN INVESTIGATION into How Fast a Tin Can Rusts 


Needed: two tin cans; a nail; a damp 
cloth 


Remove the covers from two used cans. 
Be careful not to cut yourself on rough 
edges. Wash both cans. On one can 
make five or six long scratches with a 
nail. Make the scratches deep to re- 
move the tin coating. 

Now set the cans aside and cover 
them loosely with a damp cloth. © Look 
at them every day. Keep the cloth 
damp. Do you see a reddish-brown sub- 
stance where you scratched the tin? A 
What is the substance? What is the 
metal in the can that has been pro- 
tected by the tin plating? 

Why is tin used to protect the iron? 
CLUE: Rusting means the combination 


of a metal with oxygen. Does tin com- 
bine more easily with oxygen than iron? 


Additional Investigation: In the library 
look up the term “galvanized.” Which 
metal is used to protect a galvanized 
pail? What metal underneath is being 


protected? 


More New Materials 

Already the chemical engineer is 
beginning to replace many metals 
with other materials. He can do this 
because he has learned that all matter 
is made up of elements and com- 
pounds, so he can recombine the ele- 
ments into newer compounds. Re- 
member that pure gold, silver, and 
iron are elements. Elements contain 
only one kind of atom. Compounds 
are made of more than one element. 
Each compound contains two or more 
different kinds of atoms that are com- 
bined chemically. The pictures show 
models of two different mole- 
cules © Which model represents 
an element? Which model represents 
a compound? 

Man is competing with nature. 
With his knowledge of chemistry he 
produces materials which have never 
before existed on the face of the earth, 
He is engaged in an industrial activity 
that affects every part of day-to-day 
living. He brings to us a whole range 
of new substances that are manufac- 
tured into a variety of articles, from 
the fountain pen to the telephone. 
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Understanding and applying the con- 
cept that matter is made of atoms and 
molecules has produced this whole 
new world of synthetic substances. 

The chemist has learned how to 
produce many new compounds in the 
laboratory. Some of these new com- 
pounds have the properties that he 
wanted from metals. They have 
strength, they can be molded into dif- 
ferent shapes; and even more than 
that, they do not rust or corrode. 

These new substances that man has 
developed are not used to build 
bridges, as yet, but you have already 
used them for other things. Some of 
them replace china dishes. Cups, 
saucers, and plates made from such 
materials are unbreakable, Furniture 
has been made from these new sub- 
stances. Do you know what they are? 
The new class of substances is called 
plastics, Plastics opened up a new 
field of technology. 
How many different kinds of plas- 
tics do you use at home? And for 
what purposes? dishes? radios? cloth- 
ing? gadgets? furniture? automobiles? 
the knobs on your television set? 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 
1. The habits and customs of ancient man can be deter- 
mined in part from 
a. his writings b. kitchen middens 
2. The tools (technology) of ancient man advanced from 
stone tools to tools made of 


a. copper and iron b. steel 
3. Ancient man was first a 
a. food-producer b. food-gatherer 
4. Man first discovered how to get metals from ores by 
a. planned b. trial and error 
investigation 


5, Before ancient man could get metal from ore, he had 


to know how to use 


a. fire b. chemistry 
6. Ancient man could get metal from ore because he knew 
a. the Kinetic Theory b. that heat separated 
of Heat ores 


7. An example of the way a substance begins to break 
down to yield a metal is 
Copper carbonate — copper oxide + 


a. oxygen b. carbon dioxide 


8. Steel, stainless steel, bronze, and combinations like 
them are 

a. alloys 

9. A technology can sometimes be developed up to a 


point. After that, a knowledge of concepts 
a. speeds up the b. slows down the 


technology technology 


b. ores 


B. Write a paragraph or two on this topic: Blast Furnaces. 
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USING WHAT 


1. In your lifetime man began to explore space. He built 
YOU KNOW rockets and spaceships. 


The concepts which help us understand gravity and mo- 
tion of rockets and satellites were developed by Isaac New- 
ton in the seventeenth century. Why did we have to wait so 
long to send John Glenn and other astronauts into space? 


2. We see modern utensils—especially kitchen utensils— 
being developed of metals like aluminum, stainless steel, ot 
from synthetic materials like plastics. 


a. Why is it useful to have kitchen utensils made of these 


materials? 


b. Why is some metal kitchenware coated with enamel? 
c. Why were kitchen utensils in the sixteenth and seven- 
teenth centuries made mainly of copper and its alloys? 


ON YOUR OWN 


1. Present a report to your class on the history of plastics. 


Include something about their chemistry in your report. 


2. Make a similar report on silicones (sil’a-k6nz). 


4. The Uses of Ideas 
and Tools: New Fibers 


Man makes use of what he finds. 
When he does not find what he wants, 
he tries to invent a new material. An- 
cient man, by trial and error, found a 
way to make a metal stronger than 
copper. He made an alloy of copper 
and tin, an alloy called bronze. He 
made bronze before he understood 
the concept that matter is made up of 
particles and that these could be com- 
bined in a variety of ways. Modern 
man, knowing the concept, invents 
hundreds of alloys. 


Ancient man worked the metals he 
found and invented some alloys. The 
scientist, with a knowledge of a con- 
cept, has a better way to make dis- 
coveries than by trial and error alone. 
Knowledge of a concept helps a sci- 
entist or an engineer to plan his in- 
vestigations and his inventions. A 
good example is man’s invention of 
plastics and new fibers. The investiga- 
tions which led to the invention of 
new fibers were done in a modern 
laboratory. To a large extent the trials 
and errors of ancient man were elim- 


_ The story goes somewhat like 
this. 


Improving on a Moth 

Perhaps you will be surprised to 
know that man was not satisfied with 
the product of a moth. This particular 
moth had served man for many hun- 
dreds of years, even before Marco 
Polo traveled from Italy to China 
about 650 years ago. 

What happens inside the cocoon of 
a moth? Before we answer, let’s go 
back and take a look at the life his- 
tory of a moth. 

The adult female moth lays eggs 
which develop and hatch into cater- 
pillars. A caterpillar, or larva (lar’- 
va), as it is called, does not look like 
an adult moth. The caterpillars, oF 
larvae, spend most of their time feed- 
ing on green leaves. A larva of this 
particular moth eats the leaves of the 
plant, the mulberry plant, on whic 
it hatches. Then, when the larva is 
full grown, it begins to spin a cocoon 
around itself, The cocoon is useful to 
the moth, for in it the adult moth de- 
velops; but man had other uses for the 
cocoon of the silk moth. 

Have you ever seen ® 
spin a cocoon? or 4 
web? The spider makes a 
inside its body that com 
spider as a liquid. In 
liquid becomes a thin silky thread. 

The moth larva makes a thin silky 
thread too. It spins its web aroun 
itself and makes a cocoon. There it 
rests for a time. In this stage the moth 
is a pupa (pyoo’pa). In the cocoon 
the pupa changes and it emerges 
some weeks later as an adult moth. 


5 THE SILK MOTH 
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Thousands of years ago, the Chi- 
nese and Japanese learned how to 
unwind the thread from the cocoon, 
and how to produce silk thread. The 
picture shows the cocoons being 
dried. This kills the pupae which 
would break the silk filament of their 
cocoons, if they were allowed to 
emerge. Of course some of the pupae 
are allowed to become moths in 
order to produce more silkworms. 
After many years the use of silk spread 
over the world. 

Silk is a beautiful and strong ma- 
terial, but it is expensive; silk moths 
cannot be grown everywhere. It takes 
a long time for moths to develop 
from eggs to caterpillars to cocoons 
to silk threads. Still only the silk moth 
can produce silk thread. Man was un- 
able to invent something as good as 
the silk that came from the moth. 
Trial-and-error methods did not work 
to produce a good substitute. 
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Man Tries to Imitate 

The origin of cotton has never been 
definitely determined; but it has been 
indicated that cotton cloth was being 
produced as early as 1500 B.C. 

Man learned very early to use the 
fibers of the cotton plant. He picked 
the cotton boll and for hundreds of 
years removed the seeds by hand. 
This was very expensive labor. Re- 
moval of the seeds by hand was so 
difficult that it required a day for one 
person to clean a pound of cotton. 
Eli Whitney went to work and in ten 
days produced the cotton gin, a ma- 
chine which separated the fibers from 
the seeds very easily. He patented the 
machine in 1794, 

Cotton is one of the most valuable 
of all plants. The uses for its fiber are 
so varied that it js by far the most 
important of all textile fibers. Today, 
however, many synthetic fibers are be- 
ing used in the textile industry. 


Still, in 1794, the concept of the 
composition of matter was just being 
developed. The way atoms and mole- 
cules combined to form new com- 
pounds was not yet fully understood. 
It wasn’t really until the 1850's that 
the science of chemistry began to de- 
velop rapidly. 

As chemists learned more about 
ways of combining molecules, it was 
natural that they should turn to a 
study of substances like silk and cot- 
ton. They found that they could 
change cotton into a thread that had 
some of the properties of silk. 

One way the chemists found is to 
dissolve cotton in sodium hydroxide. © 
Then, as in the picture, the dissolved 
cotton is pressed out through tiny 
holes into a liquid. a It hardens into 
a fiber which is called rayon. © 

Rayon was first known as “artificial 
silk” and was considered a substitute 
for the luxurious fiber. It could be 
made at less cost. 

Spinning a thread b 
liquid out through tiny holes is very 
much what the silkworm did; but 
rayon has never really had many of 
the properties of silk. It does not wear 
as well nor does it take dyes as well as 
silk. 

The chemists, in cr 
fibers, decided that the thing to do 
was to start at the beginning; that is, 
they decided to start with the atoms 
which make up a fiber like silk or cot- 
ton. For instance, the fiber of the cot- 
ton plant is composed of cellulose 
(sel’ya.lés), a substance containing 


y pushing a 


eating synthetic 


cellulose 


carbon, hydrogen, and oxygen. The 
picture shows a model of a molecule 
of cellulose.™ There is, however, at 
least one more element besides car- 
bon, hydrogen, and oxygen, in a silk 
fiber. That element is nitrogen, and it 
is shown in the model of a molecule 
of silk. 

After many years of investigation 
in the laboratory, chemists invented 
a strong fiber made up of carbon, hy- 
drogen, oxygen, and nitrogen; but it 
was not silk. It turned out to be bet- 
ter for many uses. This fiber has 
many properties like those of silk, 
but it is much stronger. You have al- 
ready worn clothes made of this fiber 
—nylon. Look at the picture that 
shows a model of a nylon molecule." 
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nitrogen atom 


Q 
Q carbon atom 
Q 
Q 


oxygen atom 


hydrogen atom 


Is it more like the molecule of silk or 
of cellulose? 

The raw materials for the making 
of nylon are all around us. What is 
a source of carbon? Coal. What is a 
source of hydrogen? Water. What is 
a source of oxygen and nitrogen? Air. 

Coal, water, and air are the raw 
materials from which nylon is made; 
and the usefulness of nylon seems to 
be unlimited.® 

Man’s need for textiles is constant. 
Ever since he stopped using animal 
skins for clothing, textiles of one kind 
or another have been an essential part 
of civilized living. To what extent the 
chemist’s tube will produce new and 


better fibers is for the future to de- 
termine. 


© 
THE PRODUCTION OF NYLON 


steam 


In this receptacle the small 
molecules containing atoms of 
carbon, hydrogen, oxygen, and 
nitrogen are rearranged to form 
large molecules of liquid nylon 


ine strands of nylon come 
i small holes of a 


the 
trough d are dried in air = 


spinneret an 


nylon yarn 


ee 


The nylon, either natural 
color or dyed, is spun into 
yarn and wound on bobbins 


bobbin 
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Ancient man could not have made 
rayon and nylon. Ancient man did 
not know about the building blocks 
of living things, and he did not know 
that plants made cellulose from car- 
bon, hydrogen, and oxygen. He did 
not know that animal fibers were 
made of these elements plus nitro- 
gen. More than that, ancient man 
did not even know of the elements on 
earth. He did not have the ideas, and 
he did not have the tools. 

Again we see how science and tech- 
nology go hand in hand. This time, 
however, invention had to wait until 
scientists had developed the concepts 


which explain the structure of mat- 
ter. This was not the way with the 
discovery of iron. The technology of 
iron, copper, and gold was well on 
its way before the science of chemis- 
try was developed. In fact, the in- 
vention of the technology of iron gave 
scientists the facts from which to rea- 
son out the structure of matter. On 
the other hand, the technology (that 
is, the invention) of new fibers had 
to wait until scientists understood the 
structure of matter. Nevertheless, sci- 
ence and technology go hand in hand, 


although one may advance before the 
other. 


BEFORE A. Study the statements below and choose the correct re- 


YOU GO ON 
section. 


sponses. They will help you fix in mind the concepts of this 


1. Before man developed the concept matter is made of 
atoms and molecules, he had invented 


a. rayon 


b. alloys 


2. M s, v ~ 
Many times, man used the substances and materials 


around him. He developed simple ways ( 


a simple technol- 


ogy) of using these materials. In this manner, he developed 


ways of using 
a. cotton 


of the 


a. moth 


b. nylon 


3. In order to get silk, man had to understand the ways 


b. machine 


4. Man could not invent new fibers such as nylon until he 


understood how elements and compounds combine. In other 
words, man had to wait until the 


a. concepts were 


developed 
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b. machines were 
developed 


5. To invent new fibers such as nylon and Dacron man had 


to know more 
a. alchemy 


b. technology 


B. Write a paragraph or two on this topic: A New Technol- 
ogy: Producing New Fibers. 


USING WHAT 
YOU KNOW science w. 


ways 


If chemists and chemical engineers continue to develop a 
hich enables them to combine elements in different 
and a technology to use this knowledge, we can expect 


man-made materials to replace those which are made by 


animals and plants. 


Which of these materials can now be replaced by new ma- 
terials: cotton; silk; wool; linen; wood; horn (from horns of 


animals); 
mals) 


ON YOUR OWN 


the library. 


5. The Main Concept: 
Changing the Environment 
Through Science 
and Technology 


The earth has been here for many 
millions of years. The riches of the 
earth’s crust have been here as well. 
It is only in the last 5,000 years that 
man has really learned to use them; 
but man has learned to make use 0 
and to change his environment 
through the partnership of science 
and technology. 


); ivory (tusks of elephants); leather (hides of ani- 
? Add any others you wish. 


If you do not know of new materials which could replace 
any of those listed, you can find some by doing research in 


Animals and plants must live in 
their environment. If the environment 
changes, the animals and plants must 
adapt to the changing environment, 
move on to a new environment, or 
die and become extinct. 

On the other hand, man changes 
his environment to suit his needs. He 
can now live under water for months 
in a nuclear submarine or he can 
live in a spaceship. He can control 
his environment by using new ideas 
to build new tools, or new machines, 
or new materials. 
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Early man fed on the earth’s plants 
and animals. He clothed himself in 
animals’ skins. When he discovered 
fire, he learned to burn wood and to 
cook his food. Early in his life on this 
planet man was a food-gatherer. m 

He used stone to make clubs and 
spears, and soon tipped his spears 
with stone spearheads. Ten thousand 
years ago, man learned to tame ani- 
mals. The dog followed him wherever 
he traveled. Soon he had other ani- 
mals, like the horse, in his camp. 
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He learned to plant seeds in order 
to grow the plants he liked to eat. He 
became a farmer. He changed from 
a food-gatherer to a food-producer. ® 

Then, sometime between five and 
ten thousand years ago, man began to 
win metals from the earth. He could 
do this because he had learned to 
use heat properly. He developed a 
simple technology by trial and error 
before he thoroughly understood the 
concepts underlying his technology. 
The medieval (mé’dé-é’val) alche- 
mist (al’ka-mist) tried to change the 
elements. He searched for a way of 
changing lead into gold. He tried 
many times but failed because he 
did not understand the structure of 
matter. A 

Even though the alchemists failed 
to change lead into gold, their work 
developed into the reliable chemical 
knowledge of today. Their experi- 
ments did produce genuine scientific 
information and discoveries, and the 
finding of many elements and com- 
pounds resulted, 

After man developed the concept 
that matter was made up of atoms 
and molecules, he learned to combine 
these particles into new substances. 
He developed the science of chemis- 
try. Technology became very com- 
plex. New substances were produced 
m great quantities. Man began to 
make wider use of the earth’s raw 
materials. He planned his investiga- 
tions. He had become a scientist. For 
the scientist, the laboratory became 
his way of life, Instead of depending 


mostly on trial and error, he began 
to plan his investigations, to write 
about his discoveries and ideas, and 
to exchange them with other scien- 
tists and engineers. @ He built on the 
discoveries of other men as well as 
on his own. And so, science and tech- 
nology advanced together. 

The scientist spends most of his 
time exploring the universe and try- 
ing to find explanations (concepts) 
of the objects and events he sees. 
Mainly, the scientist develops new 
ideas. The engineer develops a way 
of doing things, a technology based 
on the concepts of his fellow scien- 
tists. The scientist deals with ideas; 
the engineer develops new tools, ma- 
chines, or materials. Ideas and tools 
are partners in progress. 

Not satisfied with cotton, man 
made rayon; not satisfied with silk, 


he made nylon. Not satisfied with the 
oil as it came from the earth, he de- 
veloped gasoline in his laboratories. 
Not satisfied entirely with iron, he 
searched for ways of obtaining alu- 
minum. He found ways of making 
hundreds of alloys. 
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Man uses the building blocks (the 
atoms and molecules) of which his 
environment is made. He changes 
them as he makes new discoveries. In 
this way man has changed his envi- 
ronment. If the discoveries of science 
and technology are used wisely, they 
can be used for a better life. 

Man, as a chemist, uses his discov- 
eries concerning the building blocks 
of the earth in a different way from 
that of other scientists, such as the 
biologist (bi-ol’a.jist). 

For instance, look at the giant or- 
ange shown in the picture.™ Look at 
the size of the hog.© The unusual 
size of both is the result of discover- 
ies made by the biologist, not the 
chemist. In other parts of this book 
you will see how the biologist, in 
dealing with concepts about organ- 
isms, lengthens the life of man. You 
will see how the physicist (fiz’a-sist), 
in dealing with concepts of energy, 


improves the ways in which work can 
be done. 


j 


RA 


This book is intended to introduce 
to you the world which science and 
technology have made. 

In this part of the book you have 
read about the uses of discovery, the 
ones made primarily by chemists. The 
rest of the book will explore the uses 
of discovery by different kinds of sci- 
entists—the physicist, the biologist, 
the astronomer, and others. In each 
case, as you examine the uses of dis- 
covery, you will see how man (as a 
scientist) uses his understanding of 
scientific concepts. This understand- 
ing is the base on which science and 
technology are built. 

Tonight, at home, you will be able 
to control some features of your en- 
vironment. What will you do to 
change your environment when it 
gets dark? when it gets too cold or 
too warm? 


When astronauts and cosmonauts 
travel in their space capsules and 
spacesuits, they live in a man-made 
environment. As a matter of fact, 


unless man takes his earthly environ- 
ment with him into space, he hasn't 
got a chance. For here is a world that 
has no oxygen, no pressure, no weight. 
To live and work in orbital flight man 
must have a miracle package, a life- 
support system that will provide him 
with oxygen, water, pressurization, 
and complete climate control. It also 
must guard him against temperatures 
that range from near absolute zero to 
the reentry heat of thousands of de- 
grees. Such a man-made environment 
is a product of science and technology. 


Fixing the Main Concepts 


TESTING Test your understanding of the important concepts of this 


YOURSELF unit by doing these problems. 


1. You have a five-minute talk to give on the topic “Sci- 
ence and Technology.” Organize your talk around these 
questions: What are the differences between the two? How 


are they similar? How do they go hand in hand? 


2, Nuclear energy plants, nuclear submarines, and other 


inventions using ator 
Why not? 


QUICK TEST Study the stateme 
sponses. They 
unit. 


1. Science an 


devices 


nic energy were not built until the 1950’s. 


nts below and choose the correct re- 
will help you fix in mind the concepts of this 


d technology are different in that technology 
deals mainly with investigations which result in 
a. scientific concepts b. the invention of 
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2, Science and technology are similar in that both are 
based on 
a. evidence from b. ideas arising from 
investigation argument 


3. The launching of Telstar, which is a relay station for 


television, and the building of the X-15 rocket plane were 
mainly the work of 


a. scientists b. engineers 


4. One of these metals was not used by ancient man. 
Which one is it? 


a. copper b. steel 
5. Of these, which came first: 
a. the making of iron b. the development of the 


concept that all matter 
is made of particles 
6. Of these, which came first: 


a. the making of silk b. the making of nylon 


7. Which of these is more rust-proof: 


a. iron b. aluminum 


8. Better insulators are usually the result of 

a. understanding the 

concept of kinetic 
energy 


b. trial and error 


9. We now accept the concept that all matter is made up 
of particles. Suppose we find that the matter on the moon is 


made up of the same kinds of particles as the matter on earth. 
This would: 


a. not surprise us b. surprise us 


10. In the main, we now accept the concept that the par- 
ticles of matter are in motion. Because its molecules are in 
motion, we expect a liquid to evaporate. If it does not, 


a. this should b. it should not 
surprise us Surprise us 
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FOR YOUR 
READING 


ON YOUR OWN 


These books will help you learn more about the way sci- 
ence and technology go hand in hand. 


1. Engineers Did It, by Duane Bradley, published by Lip- 
pincott, Philadelphia, 1958. 

This is an interesting account of the world’s great engineer- 
ing feats. There are simple explanations of the scientific con- 
cepts underlying them. 

2, Aluminum, the M iracle Metal, by C. B. Colby, pub- 
lished by Coward-McCann, New York, 1960. 

Here again is an example of the way science and technology 


go hand in hand. 


Now is a good time to begin to practice the ways of the 
scientist. Go to the end of the book, on page 409, where you 
will find a section titled, “The Art of Investigation.” There you 


will find sections titled: 

1]. Analyzing an Investigation 

9, A Word About Words—And a Word About Acts 

8. Investigations—On Your Own 

4, Selecting Your Own Problem for Investigation 

The investigations which are described are ones to which 
there is no answer in this book, but by designing a proper in- 
vestigation you can make a discovery yourself. Examine these 
pages now. Then select a problem to investigate on your 


own. fi ® 


CONCEPTUAL SCHEME 


Living things are interdependent with one another 
and with their environment. 


(Text pages 98-145) 


UNIT CONCEPT 

Living things are adapted by 
structure and function to the 
environment. 


A Preview of the Concepts 


Unit Three 
IDEAS AND TOOLS: FOR LONGER LIFE 


Pupils investigate a world of living things about them which they 
cannot see. They begin to appreciate that microorganisms, including the 
viruses, are adapted for living in many kinds of environments. Man re 
his understanding of interdependence to provide a physical or chemicè 
environment unfavorable to organisms that may harm him, and a favor- 
able environment for those that can help supply his needs. 


A VIEW OF THE UNIT 

In Unit Two, the pupils studied how man uses concepts in science ea 
fashion better materials. In this unit, they see how concepts of science 
are applied to fashioning tools for a better life, This means that they now 
investigate a specialized branch of science, bacteriology—or microbiol0b’ 
—that is concerned with maintaining health, i 

Pupils will be unable to see individual bacteria in their investigation’ 
unless you are fortunate enough to have a microscope with a magnifyi” 
power of 400x or better. Even then, only the larger kinds of pacter!# 
might be visible. Until relatively recently, scientists had to investi it 
most microorganisms from the effects they produced; high-poweT <a 
and electron microscopes had not yet been invented. in this unit, pup) 
will investigate the growth of molds and bacterial colonies and oe 
what they see, develop the inference that molds and bacteria a° = 
tremely small microorganisms that reproduce and carry on all the K 
the environment of these e 
cours” 


microorganisms were 
ch performed their experiments añ 
the causes of diseases in plants k 


environments. In Unit e day” 
the uses of the brain as a” 


= L 
T= UNIT THREE / IDEAS AND TOOLS: FOR LONGER 


tation for learning to control the surroundings. But man’s battle for con- 
trol over his environment has not been easy. More had to be learned about 
how the body afforded an environment favorable for the growth of 
microorganisms. 

When it was known that infections on the body surfaces were caused 
by bacteria, scientists set themselves the task of finding antiseptics that 
would control the bacteria without damaging body cells. The first anti- 
biotic for control of microorganisms in the body was not discovered 
until 1928 and, even then, not developed until World War II. This and 
other soon-discovered antibiotics were only temporary in their effect; 
infection had to be known or suspected before any newly discovered 


antibiotics were useful. 

It was also known that the body 
result of vaccination, but the method of attackin 
trolling most viral infections by means of a vaccine had to await the 
invention of the electron microscope so that the structure of the micro- 
Organisms that caused disfunction in the body could be studied. Vac- 
cines give long-lasting immunity against invasion by specific micro- 
Organisms, among them certain viruses. Preventive medicine has made 
Breat strides in recent years, as science and technology have worked 


together to give man longer life. 
In modern living, with means 0 


developed chemical defenses as a 
g the problem of con- 


f rapid transportation, food and water 


may travel long distances. In their travels they may pass through many 
ifferent environments and could be infected by many different micro- 
Organisms. The need to prevent contamination from source to dinner 


table has resulted in new techniques for sealing-in food values and seal- 
cal agencies cooperate. As 


"Ng-out contaminants. Federal, state, and lo T > 
aoe food poisoning and bacterial diseases, such as cholera an 

Phoid, are relati 

» 8 ively unknown. ; , 

These are among the major concept-building areas that the pupils 
va study in this unit. Their chances for a longer life are made possible 
a. medical technologists have applied the major pee i Tsen 

at living things are interdependent with one another and their avii 
ment, Note that the method of attack has been either to remove tl : 
Microorganisms from man’s environment OF to en mie o 

e microo j r their growth an eve. b 
tganinas mifaroabia a for the investigations 


his uni icroscope 
i t encourages the use of the m : 
m the pupil’s textbook and in the materials designed to accompany the 


thon Since a microscope is an expensive and iste on 
"i may wish to introduce the unit by a day’s practice 1m dem t a 
f you permit the pupils to carry the instrument, tram grasp 


ee by the arm and place the base on aà flat, firm appt eien 
Icroscope is unlikely to tip or be knocked over. The microscope s 


n Placed so that the arm is toward the pupil when the earn 8 is i 
Se, and on a support low enough for the pupil to be able to look throug 


© eyepiece comfortably. 


it 


TEA T-41 
CHING SUGGESTIONS 


Antiseptics and Antibiotics 


Antibodies 


Public Health Services 


Care and Use of the 
Microscope 


Disposal and Sterilization 
of Culture Media 


Have the pupils practice the following steps until they can run through 
correctly and easily: 4 
ers he Fees hed turn the tube of the microscope down until 
the low power objective lens is about } of an inch from the stage. oud 
2. With the eye at the eyepiece, turn the mirror toward a oN 
light, moving it until a bright circle of light is visible through o> 
3. Pupils may be interested in seeing what a clipping from ld place 
hair looks like under a microscope. To make the slide, they shou a s 
two or three small clippings on the slide, add a drop of kaa toud? 
medicine dropper, and cover with a cover slip. This is best > like a 
ing the slip to the drop of water and then lowering it to the s brige i 
hinge. Place the slide on the stage and fix by the clips. This tec 
useful for most wet mounts the pupils may make. ; h 
4. Turn the larger wheel BACKWARD (counterclockwise ) ae eed to 
tube is moved upwarp until the hair is visible. The slide me cll 
be shifted slightly to bring the hair into the circle of light. oe looking 
NEVER turn the large wheel away from them (clockwise) yearn 
through the eyepiece. In doing so they may lower the Th at the 
enough to crack the slide and possibly damage the objective Pogi go 
bottom of the tube. If the tube needs to be lowered, pupils s 
back to step 1. ay 
5. Once se hair comes into view, the smaller (focusing) egret, 
be turned slightly, either forward or backward, to focus the h ie back- 
This is the only adjusting wheel which may be moved forwar 
ward—and then only with care. ece so that 
6. To look at the hair under high power, turn the nose piec d wher 
the high-power objective points straight down. A click will be hear 
it snaps into position. ; heel only: 
7. For a clearer view of the hair, turn the small focusing wine Jace 
Never use the larger wheel when the high-power objective is ene 
The objective lens is very close to the slide under high-power adjus clic 
8. Turn back to low power when ready to remove the slide. 


will be heard when the objective is in position. s for 
An understanding of th 


using them in the mann 


at the 
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< 


loop of wire or a needle sterilized in a flame to transfer any bacterial 

prowl to a culture plate, and to sterilize again after transfer. Once an 

hvestigation is completed, all culture plates should be turned over to 

a oa disposal. A little Lysol poured over the culture and allowed 

Bates ot overnight will effectively kill bacteria, and the culture plates or 
ishes can then be cleansed for reuse. 


SUPPLEMENTARY AIDS 
All films and filmstrip: 
a though most of the visual aids are listed 
ey may contain much that is useful for 
Pupil’s textbook. Names and addresses of dist 
On page F-26. 


s are in full color unless otherwise indicated. 
at the junior high school level, 
developing the concepts in the 
ributors and suppliers are 


How Our Bodies Fight Disease (8 min., black-and-white), E.B.F. Shows by 
s against bacterial disease: the 


ani i , * 

ener the body's three lines of defense 

skin and mucous membranes; lymph nodes and antibodies; and white cor- 
Puscles, Explains immunization. (Intermediate) 


Antibiotics (14 min.), E.B.F. Recreates events that led to Dr. Fleming’s dis- 
t-day uses of antibiotics in treating 


anne of penicillin, and illustrates presen a t 
iseases and in food preservation. (Junior High) 
black-and-white), E.B.F. Explains 
nfectious diseases is attained. 


(Junior High) 


Im —_— 
munization, Second Edition (11 min., 


hat immunization is and how immunity to i 


Hill. Simple explanation of 


McGraw 
(Intermediate) 


O 
ur Body Fights Disease (43 frames), 


Ow nature itself helps fight disease. 
(48 frames), McGraw-Hill. Shows 


ientists that led to discovery of anti- 
ct on disease germs and how great 
(Junior High) 


“ntibiotics~Disease Fighting Champions 
periments of Dr. Fleming and other sc 
iss ka Explains how these antibiotics & 

as been their effect in combating disease. 


Th 
S Salk Vaccine (40 frames), McGraw- - i 
alk and other scientists in discovering the viruses that caused polio and in 


the development of polio vaccine. Explains antibodies and vaccination. How 
its importance to man. 


Polio vaccine i ed today; 
cine is made, tested, and us (Junior High) 


Hill. Shows the work of Dr. Jonas 


raw-Hill. Shows the work of Pasteur; 
ad of communicable diseases; 
d test of a vaccine was made 

(Junior High) 


Wo 
= of Louis Pasteur (40 frames), McG 
in ect of bacteria; pasteurization; cause 
€ of vaccines. The first scientifically con 
Y Pasteur, 


of spre: 
trolle 


ee (°) titles are especially recommended for their content and 

$ ing level. Addresses of the publishers are on page F-24. 

Above All a Physician by Jeanne Carbonnier, Scribner's, 1961. A stimulating 
lography of Théophile Laennec, inventor of the stethoscope. He pursued 


TEAC: 
HING SUGGESTIONS T-43 


Films 


Filmstrips 


Science Reading Table 


— jai ench 
his medical practice during the exciting and difficult times of EN 
Revolution, which adds to the intriguing quality of the story. ( a 


‘ : 2. Suggests 
The First Microscope by Hal Dareff, Parents Magazine Press, 1962. age 4 
the reader make a water microscope, for which directions are BI ‘ae The 
means of understanding a basic characteristic of regular generar Hote 
wonderful—and dangerous—world of microbes is described. lee m be 
x 7 F E , ae dedicate 
ron is given to the work of Pasteur, Koch, and other (Average) 
unters. 


°The First Woman Doctor by Rachel Baker, Scholastic Book Services, A mo 
sion of Scholastic Magazines, 1961. Paperback published by anr am, 
with Julian Messner. This biography of Elizabeth Blackwell, eee 
like a novel, the heroic struggles, determination, and character of 4 


A attitudes a5 
blazer in her chosen field. A story to develop appreciations and eee 
well as to impart facts. (Adve 


„rner Cham” 
From Cell to Test Tube: The Science of Biochemistry by Robert Warner 


m- 
bers and Alma Smith Payne, Scribner's, 1960. An introduction to * hich 
paratively new branch of science. Describes the trail of research lefini- 
produces great discoveries, Written in f the 
tions of necessary scientific terms. 
important experiments 
Average readers may fin 
topics. 


airly simple language with clear pi 
Includes descriptions of some eais 
which established certain biochemical pees cte 
d this book a useful reference for work on sele e 
(Advance 


arpe! 
of Joseph Lister by Laurence Farmer, HET 
8 story of the man who developed the ail 
Includes interesting details of his uke vance 
» and marriage, (have 


°Master Surgeon: A Biography 
& Row, 1962. The interestin 
cept of antiseptic surgery, 
background, his education 


1 
owel 
Modern Medical Discoveries, Revised Edition, by Irmengarde Eberle, Crores 

1960. Describes how scientists work to make important medical disco - 


: r itamin 
Includes accounts of the discovery of penicillin, recent vaccines, erase? 
tracts, cortisone, and sulfa drugs. ( 


Polio Pioneers: The Story of the Fight Against Polio by Dorothy ‘ 
Sterling, Doubleday, 1955, Begins with the story of the earliest case ° 


3 famo 
gress of medical research and mentions some amp 
afflicted with the disease. The account is  adyanc® ) 
entific research. G 


and his efforts to prolong life s wide health organizati 
space medicine. Contains striking ; (Ad 


> INTRODUCING THE UNIT 


, eses 
What have bacteria to do with rotted leaves, a square of a 
pickle, and a jar of vinegar? Bacte 


ria travel all over the world. 
different bacteria have special foo 


É 
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that you do and many more. They like a warm moist environment, just 
the kind your cells provide. How can you prevent bacteria from coming 
to stay with you? What part of your body always harbors helpful bacteria? 

Before beginning Section 1 of the unit, you may wish to introduce 
pupils to the use of the microscope, as suggested on pages T-41-43. For 
example: How can we see bacteria so small that thousands can gather 
on the head of a pin without crowding? Exhibit a microscope. How is 
this instrument used? If you wanted to drive a car, you would need to take 


some lessons so you wouldn't wreck it. A microscope is a tool which can 
but which will tell you a lot about a world you can- 


be damaged easily, : 
What ought we know about a microscope to get 


not see any other way. 
the most from using it? 


Section 1: ORGANISMS WE CANNOT SEE 
world of microorganisms with which 
about the great number of 
and others are harmful to 
s and upon their 


Pupils investigate the invisible 
they share the environment. They speculate 

acteria and find that some are beneficial , 
Man, but that all bacteria depend upon other organism 
environment, 


Introducing the Concept 


Vhat organi ‘ou mention tha 
ganisms can you n 3 ST Eie Be. 
fter initial responses ask: Did you include plants? Did you 


: be ig ji them? 
visible organisms, too? Do you thinie we Tan Be ai e apek 
fter all, gers make us ill, don’t they? Explore = o > = = z e 
isting pupils’ hypotheses, before suggesting that the pup 
ti find answers to these ott y organisms (microorganisms)? 
hat are kinds of tn : 
at a some common ` > we protect 
an these organisms be seen without 2 microscope" baie ae do many 
Ourselves against harmful and invisible microorganisms: 


'nds of bacteria help us? 


t are right here in this classroom? 


Developing the Concept Il about us, floating on every 
acteria gardening. Microorganisms roid id i ve catch some and study 
USt particle, lying on every surface. Coud W? 5 with food they like, 
em? How might we do it? (We ait DEAA 
od we like too.) 
et a small piece of food in open 
Over and put in a warm, dark place. BS CO) 
ter two to three days you should see numero e these as badena 
anisms, Some will look like slick, shiny round spots; 


s . these are molds— 
pen nies. Some will look like mounds of man of nongreen plants. 
Middle-sized organisms belonging to the fungus groug 


air on foil or a tray for a half-hour. 
i 


ime each day. 
Observe at the same tim acl y 
lonies of microor- 


is, T-45 
CHING SUGGESTIONS 


(Text pages 100-03) 


SUBCONCEPT 

Bacteria, plants without chlorophyll, 
depend on other organisms for their 
food. 


Processes emphasized 

Observation 

Hypothesizing 

Investigation 

Designing an investigation (with 
control experiment) 


From investigation, pupils infer that 
heat and absence of light in the en- 
vironment are essential for growth 
of most bacteria. 


Equipment and Materials 


-piece of banana, apple or 
orange, or other foods 

- aluminum foil or a tray 

. plastic or glass jar covers 


Equipment and Materials 
See text page 101 and consult 
the Teacher’s Manual for Class- 
room Laboratory 6. 


Bacteria can be classified, or 
grouped, by their structure, 


Equipment and Materials 
«match sticks 
.. radish seeds 
. beads 
+. macaroni and spaghetti 
. . coiled springs 


Bacteria can be classified as help- 
ful or harmful to man. 


Pupils apply their understanding of 
the needs of bacteria to methods of 
food preservation. 


Encourage pupils to set up a design for the investigation, page 101. 
For this and other similar investigations, Petri dishes made of plastic 
are useful, for they can be sterilized easily or disposed of safely. If you 
do not have such dishes, they may be obtained through hospital or 
biology suppliers or some drugstores. When the investigation has been 
completed, be sure all Petri dishes and bacterial cultures are turned over 
to you for disposal (see pages T4243), 

As pupils proceed with the investigation and note bacterial growth, 
ask: What are bacterial colonies? (A colony is a group of many thou- 
sands of microorganisms of the same kind living closely together.) Why 
do we study colonies rather than a single bacterium? (A single bacterium 
is invisible to the unaided eye, and visible only with a good, high-power 
microscope. ) ; 

What did the bacteria colonies need for growth? (Food, a place to live; 
warmth. ) Refrigeration, you found, slows most bacterial growth. Mos 
bacteria grow best in a warm, dark place, — 


: i hree 
. Bacteria also came in t 


ae P > names 
origin, from which the na a 
i 3 iy n 
e sticks. Spirillum is Latit 


Kinds 
y. You may wish to think of the three ag 
as hyphens, commas, and periods. You m : 


looking for objects to 


P ig a 
ate some of the ways in which bacteria ax 
of buttermilk from milk or of linen from 


he 
= : the decay of is plants and animals, resulting in humus inte 
soil. Encourage Pupils to look in th : ience rea 
table and suggest other w tion fe halk 


cooling on the growth of bacteria? Wh 
tion, page 101), you found that cold 
growth. Most bacteria seem to 


does this suggest about keeping food? ( 


growth and Prevents food “spoilage.” 


: se 
bacterial growth? The American Indians Y 


meat and other foods to smoky fires and to sunshine.) What concept 
were they using? (Bacteria need moisture for growth; drying removed 
a condition in the environment.) How many dried foods can you name 
from your mother’s kitchen? 

Although bacteria do not like sunlight, most kinds like warmth. They 
Stow well at room temperature and especially inside your body. Do you 
know what your body temperature is? Why would bacteria thrive in the 
body if they were not in some way kept under control? (Food, moisture, 
darkness, no heating or cooling to speak of.) 


Extending the Concept 
Making bacterial slides and smears. Imbed the blunt end of a long 


needle in a cork or piece of Styrofoam. Using Sterno or an alcohol lamp, 
heat the pointed end of the metal needle to kill bacteria—or use a match 
flame. Dip the sterilized end into buttermilk, and spread the drop of 
buttermilk in the center of a glass slide. Holding the slide with ep 
Pass the bottom of the slide through a flame until the glass is hot to the 


aM 


Equipment and Materials 
. . needle 
- « cork or Styrofoam 
- +. Sterno or alcohol lamp 
. . buttermilk 
.. glass slide 
. kitchen forceps 


touch. Heat congeals the protein in the organisms and makes a a 
the slide, just as heat makes egg stick to a fry pan. Staining with a * a 
tion of household iodine, or other laboratory stain, will then was : 
only nonprotein cell material, For ingredients and proportions ` n e 
Prepared stains that are useful, see pages 320-21 of The Sourcebook for 

e Biologi i : ; 

Pure eee es the question of how to separate = ga k 
microorganism from another kept scientists from learning v sÀ i 
about bacteria. Robert Koch, a country doctor in Germany, = entally 
hit on the way to do this. He reasoned that he might pick up = 
Organisms from one colony and grow them on a sterile pe ik < 
~Sing a solid food, such as a potato, he was able to grow y 
Just one kind of bacterium. aahi 

Try this pure cites method for yourself. Use a fies to lift im 
bacteria from one of your bacteria colonies onto aon o w yas 

Ccp the slices covered. After several days observe the seri ara 
Which have grown on the potato. Because it is difficult ia ee sa 
fea potatöës, vou may get Santamaa © ei 5 of The Source- 
sterile techniques of handling bacteria, see ee Q 

pii — ae a i ‘fe yai ever wondered how Equipment and Materials 

ganisms and pickle making P 


Equipment and Materials 


... a raw potato 
. .. toothpick 


Pickles are made? You can watch how bacteria Guge ae a 
Pickles, Add } cupful of salt to a quart jar of water ane Ie a es oe 
pto another clean jar put 1 tablespoonful of pickle T el dee 
din, Add 4 dozen garlic cloves and some small fresh mii ers. Ba 
tt to the top with salt water from the first jar. Cover an T im! & 120 5 
Place, Changes begin in 24 hours. In two weeks you shoul niata P 
= Pickles. The strong salt solution draws the natural sugars out o 
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~<a 


.-.two 1-quart jars 
-.. mixed pickling spices 
„dill 
-. small fresh cucumbers 
..+ garlic cloves 
.. blue litmus paper 


Equipment and Materials 


... several grapes 
... pot of soil 


Equipment and Materials 


-.. models, diagrams, or pictures 
of disease-causing bacteria 


Equipment and Materials 
... Sterile culture plates 


cucumbers. Those bacteria that can survive in the environment of = 
salt preservative start to grow and change the sugars into lactic a 
the same acid that forms when bacilli change milk sugar to lactic ars 
As the solution around the cucumbers turns acid, the cucumbers oie 
green begins to pale. Lactic acid that seeps into the cucumber rep me 
air which is inside the cucumber. Then the pickles sink to ihe iba 
the jar. They will keep as long as the acid content of the pickle "eat 
stays the same. What two chemical tests could be made to prova plus 
pickle juice is acid? (Tasting and litmus paper. The change 0 
litmus paper to pink is one chemical test for an acid reaction. ) ; ‘a 
Invisible waste disposal. How would the earth look if nothing ao 
decayed? Imagine the piles of trees, leaves, and dead bodies. piP le 
of garbage would be quite a problem, wouldn't it? You don’t have ves 
problem, thanks to decay bacteria. Dig around a pile of rotting are 
under shrubs or trees. You should be i 
molds, and bacteria. wa piri? 
How do microorganisms put the important elements of organic nae! 
pounds back into “circulation”? Bury some grapes in a flower pot- y söl 
the soil and set on the window sill, After a few weeks, dig up the p ; 
and you will see that the grapes have decayed and, except for their a 
can no longer be seen. Microorganisms have reduced the grape suger ich 
proteins to carbon dioxide, water, and ammonia—simple substances “ 
plants can use for growth and the building of new cells. 
Which bacteria cause which diseases? One of the importan ve 
or discoveries leading to disease control was that of connecting SP° | 
bacteria to specific disease symptoms. A few spirilla cause diseas® it 
the bacilli that cause tuberculosis, typhoid, diphtheria, and tetanus 
among the more unwelcome bacterial visitors. s 


ime: 

The growth of tetanus bacteria produces a substance twenty eal 
more deadly than cobra veno eae 
advisers how you c om 50 

infected with this 


able to see the work of ye 


t concepts 


teria that appear i 
throat infections. 
Bacteria counts. Doctors 


to extend 


“an estimate the number of bacteria in 4 
mple is collected, 
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Reviewing the Concept (Text page 103) 


Before You Go On. 1.b 2a 3.a 4a 


Using What You Know. 1. Bacteria and molds need warmth to grow. 2. In 
the refrigerator, for the same reason. 3. They aid in the decay of dead mat- 
ter from plant and animal organisms, thus returning substances to the soil 
and air. 4. No. Most bacteria are helpful in decay, in processing types of 
food, clothing, etc. 5. Invisible bacteria divide rapidly, forming colonies; 
the colonial mass of bacteria is visible. 6. Bacteria cannot make food; 


they must obtain it from other organisms. 


Section 2: UNWELCOME ORGANISMS (Text pages 104-09) 


The pupils investigate the structure of a mold and gain understanding — SUBCONCEPT 
of how nongreen plants (bacteria and fungi) get their food. They also Nongreen plants are interdepen- 
investigate conditions favorable to growth, giving them an insight into dent with other organisms for their 

ow harmful bacteria may cause infection and disease. food and with their environment for 
i conditions favorable to survival. 
Introducing the Concept 

Bacteria are single-celled plants. Wha 
found in other plants? (Chlorophyll.) Can 
make its own food? How do bacteria feed on t 
or wound? What do you mean when you say that a wound has become periment) 
infected? How does infection take place? Hypothesizing 

Do you think we can find out how nongreen plants get their food? Theorizing 

ecall that bacteria are so small that about 7,500 coce 

inch. Can you think of a common nongreen plant you c 
à microscope? 

Provide a piece of moldy citrus and a 
Wash the fruit, Next, sterilize one end of 
alcohol. Pierce the moldy spot of the i 


t is missing in them that is Processes emphasized 


a plant without this substance Observation 
the cells in an open cut Investigation (with control ex- 


i would just span 
an see without 


piece of fresh citrus fruit. First, Equipment and Materials 
a needle with a match flame or |, , moldy citrus fruit 
nfected fruit. Then, using the ,.. fresh citrus fruit 
needle thus contaminated, pierce or scratch the skin of the unblemished ...a needle 
fruit, Place this fruit in a plastic bag so that air does not reach it, and set ...a match or alcohol 
it in a damp, dark, and warm place. Check the fruit daily. Does mold 
rom the moldy citrus infect the unblemished fruit at the spot you pierced? 

Several questions might now be used to introduce the lesson. 

How do bacteria get into your body? How do nongreen plants get 
their food? 


Deve . 

Spee k ie ta What cell structure do bacteria have that pat. me molds are classified as 
“nable us to classify them as plants? As children read text page 104, jplggIssay Hein simcrures 

€Y find that bacteria possess a cell membrane plus a thickened l 
Wall. What ference ean you make about all plants without chlorophyll 
(They depend on other organisms for food.) From your reading and 
pour observations, what likenesses and what differences can you list 


o 
Y molds and bacteria? 
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~ 


Nongreen plants grow and repro- 
duce rapidly in a favorable environ- 
ment. 


Equipment and Materials 
See text page 105; also the 
Teacher's Manual for Classroom 
Laboratory 6. 


Equipment and Materials 
. aluminum foil trays 
. soil 
.samples of wood, 
foods, and plastics 
. microscope 


cloth, 


Bacteria and molds chemically break 
down complex foods into simple 
substances that can pass through a 
membrane. 


Equipment and Materials 
...10dine 

... Benedict’s solution 
...Soda crackers 


(Consult the Teachers Manual 
for Classroom Laboratory 6.) 


Do molds and bacteria like the same kind of environment? As the pool 
perform the investigation on page 105, encourage careful ie ea 
the conditions which are best for the growth of mold. They should ma i 
a careful record of their observations—such as temperature and size 2 
the mold growth. What one condition was favorable to the growth o 
the molds? ( Moisture.) How do we know? (The conditions in both lan 
were the same, except for ten drops of water.) The investigation may A 
extended by using temperature and light as the other controls. awe 
pupils to design their investigations, They will find that most fungu 
plants (including bacteria), in addition to food, need moisture a" 
dark, temperate environment. 

Growing molds. Although molds prefer a humid environment, they £ Abs 
almost anywhere there is an invisible film of moisture. Collect some s 
low aluminum trays and in each place a layer of soil. Sprinkle the soil “ae 
water and place on it various samples of materials, as suggested m Jds 
margin. Cover each container with plastic food wrap and wait for oe 
to grow. Do molds seem to prefer living or nonliving materials? 
color of the material make a difference in growth? You may wee 
chart your results on the chalkboard. 

By examining bread mold under 


TOW 


at 
, : ; " wha 
the microscope, pupils will se the 


These threadlike structures arom 
h it gets its food. Molds cori the 
ant to be sure that pupils i odie’ 
e end of each thread. These pe” 
es or reproducing, A spore is ê rface 
protects it until it falls on a SY ores 
e growth of a new plant. Mold ti 
. Compare this method of rep? 

ium (text page 108). js? YOU 
- How does food get into your ele foo 

e process of digestion, whereby sub” 
ough chemical changes to smr jon Ï 
e through cell membranes. Dig?’ 
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cracker. If the iodine changes from brown to bluish-black, starch is 
present. A drop of Benedict's solution added to a sample of saliva and 
chewed cracker should indicate sugar by turning reddish. The pupils 
may now plan the investigation on text page 106. 

Food for bacteria. Do you digest everything you eat? No organism com- 
pletely assimilates all it eats. Undigested and reconverted wastes go back 
into the soil to be reduced once again into the basic building blocks of ones. The growth of large numbers 
carbon, hydrogen, oxygen, nitrogen, and a few minerals. Why must or- 9f bacteria or the toxicity of sub- 
ganic wastes, garbage for example, be placed in a covered container? Ra AN may be dangerous 
Until reduction or decay is completed, organic wastes must be carefully | “° neamh. 
handled to avoid contamination and possible infection by harmful micro- 
Organisms in them or in the products of their chemical action. Certain 
types of bacteria and molds give off wastes which can be very toxic to 
human cells. The bad smell of decaying food is evidence of bacterial 
action. The more bacteria, the more bacterial wastes. Why do you use an 


antiseptic if you cut or scratch yourself? 


Bacteria obtain food from chang- 
ing complex substances into simpler 


Extendin 

g the Concept i 
Plants without seeds. A fungus plant can grow and produce spores. Study Equipment and Materials 
the spores from between the gills of common mushrooms obtainable from ,, , mushroom caps 


a grocery store or supermarket. To make a mushroom spore print, break __. . glass or plastic dish cover 


off a fresh mushroom cap and place it, gills down, on white or black paper. 
Cover the mushroom cap with a glass dish. After 24 to 48 hours, remove 
the glass dish and take up the cap carefully. You will see a radial design 
formed by spores which have fallen from the mushroom gills. The design 


may be “fixed” to the plate by using hair spray. 


Read a o les of other simple plants which repro- 
wc er te are nongreen, as bacteria and 


nce by: s a an seeds. Some 
molds eis ie investigated. Others are green, such as 
algae, lichens, liverworts, mosses (especially hair-cap moss or pigeon 
Wheat), and ferns. For further suggestions on growing and studying these 
Plants, see Chapter 20 in The Sourcebook for the Biological = 

Mushroom farming. The produce manager at your — s o a 
Supermarket should be able to tell you if there is a mushroom e wi : 
a day's visit, Or, if you can find mushrooms in your yard or a tl : n 
look for the rotted material which the mushrooms a = ot z 
around a rotted stump or log to uncover the mycelium, s e ne seme 
Pale threads (hyphae) which are the lifeline aaa j a : te 
ood supply and the spore-bearing body. Mushrooms Ee OF ‘een 
àre a treat for some food connoisseurs. Some = = -e me 
me accurately, caution them not to = ould be eaten unless ac- 


h 
ie hands—and of course no wild mushroom s 
ately identified by an expert. 


h "ING SUGGESTIONS 
a 


(Text page 109) 


(Text pages 110-17 ) 


SUBCONCEPT 

Organisms are structurally adapted 
for defense against hostile micro- 
organisms in their environment. 


Processes emphasized 
Observation 
Investigation 
Hypothesizing 
Measurement 

Reporting of data 
Consulting 


Equipment and Materials 
. +. bicycle tire and inner tube 


Pupils investigate the protective 
functions of the epithelial cells that 
cover outer body surfaces. 


Reviewing the Concept 
Before You Go On. A.l.a 2.b 3.b 4. a Se 


Using What You Know. 1. Bacteria secrete enzymes that digest the cellulose 
of the dead tree, breaking it down chemically into simpler food products 
that bacteria cells can absorb and use for growth. 2. By fission. 3. They 
may reproduce and destroy the cells around the wound by secreting enzymes 
that digest, and thereby kill, the cells. The body reacts; we say the woun 
is infected. 


Section 3: YOUR BODY’S DEFENSE 


Children investigate the defensive role 
by covering cells on the outer and inner surfaces of the body and 
white blood cells in the blood. They are made more aware of the 
portance of maintaining the tissues in healthy condition. 


: played 
TE ‘teria that is play 
against bacteria py the 


im- 


Introducing the Concept 


ou may be able j 
outer covering do? Lase 
r covering and the inner at 
of the same materials. Can se 
bicycle tire? Does it have nE to 
e food gets to your cells it He a 
es the lining of this tube Pa ings 
> i ength? Of what are the cove” 

s, lining cells. ) 


unfavorable for the growt 


get through the covering cells? How can we aid in keeping body © 
healthy? 


S, 

A 1es5° 
and making intelligent Pi as 
> by reading and investiga 


Allow latitude for raising questions 
followed up, as you develop the concept 
the pupils search for answers, 
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À 


visible if stained, To compare outer covering cells with the cheek lining 
cells, a slide may be similarly prepared from skin peelings. How are the 
cells alike? 

Does your skin feel moist? Recall that bacteria and molds grow well 
on a moist surface. Do you think bacteria and other small particles, such 
as dust, will stick better to a dry surface than to a wet one? Set a box of 
dry, fine soil in front of a table fan. Direct it across the soil against a wet 
plate and a dry one. Which catches more particles? 

What inference can you draw as to the scientific reason for daily bath- 
ing? Why do doctors and dentists wash their hands between each ap- 
ointment? Why should you wash your hands before each meal? You may 
wish to relate health practices to the concepts of habit formation devel- 
Oped in Unit One. 

Cell secretions—made inside, used outside. The epithelial cells inside 
your mouth are moistened with saliva. Name two important functions of 
Saliva, (Moistens food, secretes enzyme that aids in changing starch to 
Sugar.) What parts of your inner skin surfaces are moistened with mucus? 
(All. ) What does the term secretion mean? Can you name secretions other 
than mucus? (Digestive juices, enzymes. ) Remembering what you learned 
about reflexes and habits (Unit One), is secretion a learned or unlearned 
response to stimuli? Can you think of any causes for involuntary secre- 
tions—as, for example, mucus—to increase? (Irritation of dust and pollen, 
Catching cold. ) i =", 

_ Please cover your mouth. What role do you think mucus ne in he R 
ng to protect us? (It catches bacteria and dust irritants.) Why it 
you form the habit of covering your mouth and nose when yon coig ad 
Sneeze? The results of unprotected coughing and sneezing Sn exes) can 
be shown by preparing a culture plate (see page 101). Cough or pee 
irectly above a sterile plate. As a control, repeat, but this time nee ne 
Sneeze through a tissue, Cover the culture plates and a = u y 
after 48 hours or so. What kind of growth begins to appen on the p _ 
acteria colonies.) Which will show the more ane cae ge 
“plain the reasons for blocking a cough or sneezet (NOTE. Tae eh 
¿Spose of the culture plates according to directions on a, is : 
NCourage the drawing of cartoons showing the ee tine 8 
€ nose and mouth to avoid spreading bacterial Steet = : a on 
upils may wish to dramatize the way cilia in the w - + sl 
“welcome irritants and microorganisms. For example, a oes : 
Upward beating resemble rowing an anchored boat? (T e oars pa 
against the water much as cilia push the “unwelcome visitors” away s 
at a cough may expel them. ; n 
our body's pe a ae You have inferred from reading a “A 
Yestigating that bacteria need warmth and moisture for best growth an 
reproduction, and that mucus and cilia keep many of them from invading 
© body. Nevertheless, you swallow many bacteria. Why don’t you, then, 
Set sick more often? 
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Equipment and Materials 
.« microscope 
. Slides and cover slips 
.. Stain (iodine) 
. fine soil 
. two plates 
. small table fan 


Pupils investigate the function of 
epithelial cells that line the body 
cavities. 


The body, by reflex acts, expels 
bacteria and other irritants. 


Equipment and Materials 


. 2 culture plates 
... paper tissue 


Certain cells secrete substances that 
provide an environment unfavor- 
able to bacteria. 


Equipment and Materials 
See text page 112; also the 
Teachers Manual for Classroom 
Laboratory 6. 


(Optional) 
. vinegar 
. lemon juice 
. litmus paper 
. test tubes or small jars 
. meat cubes 


The white blood cells are one of 
the body's defenses against infec- 
tion. 


Children find that most germs do 
not grow when an antiseptic is used. 


Recall, if you did the investigation on pickling (page T-47), that bac- 
terial growth can be stopped by chemical action. Antiseptics on a cut will 
kill bacteria (text page 111). Where in your body do you think conditions 
are unfavorable for the growth of bacteria? (mnt: Did you ever have an 
acid stomach?) Encourage children to plan the investigation on text page 
112. Since strong hydrochloric acid cannot be recommended to elemen- 
tary classes, you should prepare a weak solution in advance—or you um 
wish only to demonstrate the investigation, having students in group’ 
follow it up as follows: 


Can you explain why certain secre 
chemical guards against infection? (Gastric juices, for example, CO” yo- 
acid.) Actually, even saliva retards the growth of certain kinds of mic 
organisms. do 
White blood cells—your body’s second line of defense. What do you 5 
if a skin cut or scrape furnishes an opening for infectious microorga™® 
to get into your body? Your first aid is soap and water. tis 
As children read “Getting Rid of Bacteria,” have them explain wha : 


. . eh 
meant by infection. What does an infected area look like? Would a a 
pect microorganisms to be t i il its wh! 
color? (White blood cells i 


8 Staphylococcus may be made with tha a 
of an ameba. Some of your pupils w? w they 
er work in science and can describe hO ov 


your blood. 


Stopping growth of bacteria, Ja 
control. What can you do to h 2 


f 
L 
= R 
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effective? The investigation yields results only for microorganisms that 
may be found in the air of the classroom at the time the investigation is 
performed. Pupils may wish to chart the effect of various antiseptics, as 
evidenced by the growth of colonies on their culture dishes. What can 
you conclude about antiseptics and their action in altering the environ- 
ment for bacteria? You will probably wish to caution the pupils that the 
result of the investigation is a generalization and not specific for specific 
microorganisms. Any infection should always be referred to a competent 
Physician, 


Extending the Concept 
Antiseptics. Make a collection of bottles or labels of common antisep- 
tics, Compare the contents on the labels of the containers. What seems to 
be the purpose of their use, judging from the containers? How many of 
the antiseptics contain one or more of the same chemical substances? 
If possible, arrange to have the school nurse visit the class and explain 
modem practices in antiseptics. r 
uncture wounds, burns, and insect 3 
generally considered more dangerous than cuts that bleed wed big is 
it poor practice to break open a blister resulting from a burn? How does 
an insect bite sometimes lead to an infection? (The small puncture from 
an insect bite may become infected by microbes on the skin, or they may 
e introduced by certain insects that are carriers of disease. ) itt 
A committee of interested pupils may consult local health aut p an 
or information on insect carriers of germs, and control measures or hey 
are taking. The committee may prepare a report ae ao by fin a 
Don't squeeze. Acne is common among children during their inir 
evidence of the malady seems to be appearing in the class, e r WE, 
Cussion of proper skin care. Why is it dangerous to Pop à PARA i. fa 
ls infection likely to occur? What habits should be Tornet £ at k 
Concepts of habit formation in Unit One with avoidance of bacterial in- 
ection, 


ites. Why are puncture wounds 


Reviewing the Concept 


Before You Go On. A. La 2a 3a 4b 5b 6b 


Using What You Know. 1. Washing removes bacteria and Ping ie mon 
able to their growth 2. This treatment removes bacteria from t plage 
area that may have a cut or scratch through which pee be eak down 

ody. 3. It contains a “sticky” substance. 4, Decay bacteria an > 
Substances in dead matter and return them to the environment w pe hey 
can be used again; other bacteria are useful in industrial gen ce 
as in producing substances useful for medical purposes: >: ki ae 
less plants and obtain their food from other living oF once-living organ = 

acteria are single-celled; molds are generally many-celled. Bacteria repr 
duce by cell division (fission); molds reproduce by forming spores. 
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Equipment and Materials 


See text page 115; also the 
Teachers Manual for Classroom 
Laboratory 6. 


(Text pages 116-17) 


————————————— ll 


(Text pages 117-23) 


SUBCONCEPT 
Microorganisms interact with other 
living things and their environment. 
Man changes the environment of 
microorganisms as he seeks to con- 
quer disease. 


Processes emphasized 


Observation 

Investigation (with design of 
experiment) 

Hypothesizing 

Theorizing 

Analysis of scientist’s processes 

Designing an experiment (with 
controls) 


Pupils recognize that the habit of 
seeking relationships between con- 
cepts can lead to new discoveries, 


A concept is arrived 
careful and extensive 
and experiments, 


at only after 
investigations 


Section 4: MOLDS TO THE RESCUE 


Through analysis of the methods used by Dr. Alexander Fleming in his 
discovery of penicillin, pupils gain further appreciation of the relation- 
ship of living things to their environment. They discover how understand- 
ing of the concept aids scientists in altering the environment of living 
things as a means of combatting microorganisms that cause disease. 


Introducing the Concept 
In Section 2, page T-49 under “Introducing the Concept,” it was ate 
gested that molds be grown on pieces of citrus fruit placed in closed KA 
tainers. Display a piece of this moldy fruit. The grayish mass with greenis f 
spores is probably a kind of Penicillium mold. What does the name of n 
mold remind you of? Have we always had penicillin? (No. It was p 
covered in 1928, but was not developed extensively for use against ™ 
fections until World War II.) 
How do you think a s 
follow in his work? W 
sources of antibiotics? 
Pupils should now read the 
note especially the steps th 


rs 3 id he 
clentist discovered penicillin? What steps a s 
hat is an antibiotic? Are other kinds of ™ 


o 
: sy: read, t 
section. Encourage them, as they rea% 
at led to the discovery of penicillin. 


Developing the Concept 

A mind prepared. Place on the chalkboard the famous quotation | a 
Pasteur, “Chance favors the mind Prepared.” When Dr. Fleming W@S ite 
ing to grow a pure culture of a bacterium, what did he know about ; in 
tamination that you already know? (Dust and microorganisms floa pid 
the air.) When Dr, Fleming grew cultures and when you grew saan 
colonies in Section 1, what did he and you do? (Kept the culture y 
covered.) What would you have done if you had found mold BOY pi 
in a culture of bacteria? Would you have considered the investig® a 
ruined and thrown it away, as you would moldy bread or a moldy oai 
Can you suggest a habit Dr., Fleming had formed as a scientist that hip 
him from doing this? (Careful observation. ) Discuss the relatio"? y 
between habit formation and the Pasteur quotation. For exampi® E 
often have you put two ideas together to see “in a flash” the answ® ea 


. v t 7 ; 
a bothersome question or to see a new question to investigate? Wo a of 
i e 
) s mind was prepared through 20 m sub” 
studying infectious microorganisms? (Perhaps some plants secre 


against bacteria. ) by 
Steps to discovery. Since the labor. 


a from 
sf 


15€ 
: atory experiment is one tool E h? 
the human brain in learning, it is important that pupils recogn!, they 
logical sequence of steps that lead to discovery of a concept. ASK out 
can set up an experiment without an idea of w 


ings, asking the pupils to arrange them properly—in the order given be- 
low. With each heading are suggested questions that may help you guide 
the pupils toward understanding. 

l. Question. What question did Fleming ask? (Does penicillium pro- 
duce a substance that destroys bacteria?) 

2. Hypothesis (or working idea). What was Fleming’s hypothesis? 
(Penicillium may produce a substance that kills bacteria.) 

3. Design for experiment. Why did Fleming select Penicillium? (Easy 
to grow; he had observed it had affected bacterial cultures.) On the basis 
of your study of molds and bacteria, what kinds of controls must Flem- 
Ing have had to provide? (Pure cultures, even heat, light, darkness, mois- 
ture, culture media—and, of course, others.) 

4. Conclusions. When did Fleming reach his conclusions? (Only after 
checking and rechecking his work many times.) What was Fleming's 
Conclusion? Did it satisfy his hypothesis? 

In the investigation into diastase (text page 106) you were asked to 
make a plan for investigating its effect on starch and to compare your de- 
Sign with Dr, Fleming's design for his experiment. Did you list the same 
steps? Did you set up controls? Did you prove that diastase helps to 
change starch to sugar? Pupils should answer “no” to the last two ques- 
tions, You may wish to encourage discussion of other controls in their 
investigation, as well as the necessity for basing tentative conclusions on 
Careful repetition of the investigation under identical conditions. 

he important breakthrough. For years bacteriologists had been baffled i r 

y the problem of how to destroy disease-causing microorganisms within of genam types of tnloreorg sais 

the body. Antisepties that killed bacteria on the external body surfaces making it unfavorable to their sur- 

Were injurious to sensitive internal tissues or toxic to the organism. Why vival. 
Was Fleming’s discovery that a mold secreted a substance that killed bac- 
teria on culture plates exciting? There are over 25,000 identified species 
°F molds and fungi, and the air is likely to have many kinds of spores in 
: *t make us sick. Did Fleming's 


ab that fall on the food we eat. Yet they don ; on eke Boa 
'Scovery “prove” that penicillin would kill bacteria safely in the body: 


Vhat remained to be done? (Testing of animals and then human beings 
Y was his discovery a major breakthrough in the conquest waa 
(It Suggested a new approach.) Clarify through discussion the difference 


etween antiseptic ahi 
E gn a a T a þacteria colonies in Section 1 and $ vpile ae lg? a nike i 
molds in Section 2. Do you think any of the molds you grew may produce fining their plans for investigations, 
an antibiotic effective against any of the bacteria? How would you find 
Out? Design an investigation showing your problem, your hypothesis, 
Your plan—including controls, and a statement of results you hope to 
achieve, (The pupils’ design should include transfer of a bit of bacterial 
Culture from one colony and a bit of mold from mold growth into fresh 
Culture plates.) Interested children may carry out their design under your 
= Pervision, As with all work with bacteria, you should make = that 
erile procedures are followed and proper disposal rigidly imposed. 


Antibiotics change the environment 


n = 
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A scientist in his investigations uses 
the processes of learning. 


Equipment and Materials 
. baby food jars 
- beef bouillon 
- assorted spices 
- salt 
. . Sugar 
. Vinegar 


Habits and experiments. Recall habit formation, which you studied in 
Unit One. How are the processes of learning or forming a habit like F 
processes of experiment by a scientist? How does a hypothesis resemble 
a goal? How does insight resemble a design? How is practice similiar to 
testing? How is a scientist rewarded by his investigation? (A scientist has 
learned well how to learn. ) 


Extending the Concept = 

More about antibiotics. It was difficult to find a method for obtaining 
penicillin in quantity. Not until 1938 did Dr. Chain and Dr. Florey be 
to work with penicillin and find a way to produce it in quantity. Lo A 
up and report on their work. Also read about streptomycin, omg 
cetin, and aureomycin, among the many antibiotics now available. ý 
major drug companies may have literature on antibiotics that can SUP 
plement reports. 

Molds for eating and drinking. You throw away moldy fruit an p 
vegetables. But there are some foods you would not have without eit 
For example, Roquefort, Camembert, and other fine cheeses owe t? 


j 4 ‘ng an 
flavor to molds. Find out how microorganisms are used in curing § 
flavoring cheeses. 


Molds and history. Molds spoil m 
voyages of the Age of Discovery an 
that cinammon, cloves, and ground 
preservatives. You may test these fi ar 
jars half full of beef bouillon, Ad i i all but one 
Why? (The one jar is the control, 
warm place. How clear i 


d moldy 


) After a half-hour, cover and set ft 
s the bouillon when held up to the light a 
add a teaspoonful of salt, sugar, or sell 
omparison. In which jars was the gee if 
growth? Chart your results and illustr 


a illus- 
eae drawings of Smears studied under a microscope. Als° i 

trate wit maps showing where spi ' 

pices are grown, d5 

From 1845-51 a potato- os jari 


blight mildew (a type of mold) ruined I othe” 
one million persons died of starvation an 


Plant i jors 
Psi mp smuts, or rusts affect oats, wheat, corn» jant 
apples, white pines, elm trees and other s thes - 
: J pl tigate i 
diseases in library ref P ants. Tovesng 


b rays), others bio 
erry and currant bushes), and others by breeding resistant strains. and 


Reviewing the Concept (Text pages 122-23) 
Before You Go On. A. 1.b 2.a 3.b 4a 5.a Bb Za Ba 


Using What You Know. 1. No antiseptic was weak enough not to harm the 
Sensitive cells inside the body and still kill the bacteria. 2. No. The bread 
Was the mold’s environment and supplied the moisture. 


Section 5: ANOTHER BATTLE: ANOTHER VICTORY (Text pages 124-30) 


Pupils gain further insight into the difficult conquest of diseases. Anti- | SUBCONCEPT 
Septics and antibiotics are not enough. Applying the basic concept that Viruses interact with other living 
living things require a favorable environment, bacteriologists rely on things and their environment. Man 
Many methods of altering the internal environment of the body so that changes the environment of viruses 


it is unsuitable to disease-causing microorganisms. in seeking to conquer disease. 
Introducing the Concept 
Encourage the pupils to volunte 
accidental injuries they may have h 
comment—even the common cold, if it is me 
Octor treat them? For which were you treated with 
antibiotics? Do you think you can have any of these infections or dis- 
eases again? Why? What diseases are you not likely to get because you 
are immune to them? 
Mii discussion, encourage p 
ial attention to these questions. g s 
Why have some diseases been so hard to conquer? What is a virus? 
hat does being immune mean? What are antibodies and how are they 
Produced? Why do doctors suggest vaccinations, injections, or oral vac- 


ci t d 
nes for certain diseases? 


er a listing of infections, diseases, and Processes emphasized. 
ad. Write them on the board without Observation 

ntioned, How did you or the Investigation 

an antiseptic? With Theorizing 
Hypothesizing 

Library research 


upils to read the section closely, with 


Develo in 

at te pela ga serie pupils have probably used a filter The favorable environment for a 

to separate solids from liquids. Recall how small a bacterium is and x 7 within the body cells. 
Plain that bacteriologists can separate bacteria from a liquid by using 
he porcelain filter. Viruses go through the filter easily. Can you a 
Ody cells under the classroom microscope? (Yes.) Can you see bacteria 
nly the very largest.) Most bacteria must be magnified 1,000 times or 
More to be seen, Draw a circle 6 inches in diameter on the board to rep- 
"sent a coccus bacterium. Next to it draw a circle 4 inch to 1 inch in 
of nee to present a pox virus. Both of these represent a — 
cere 300,000 times or more. Why did sg a ae Ee 
a ne l technologists invented an electron microscope before pad ee Jes 
nae (Light will not make visible any objects much Ea er z a 
tr ia. The concept of the structure of the atom and the behavior of elec- 
Ons had to be formulated.) An electron microscope May be taller than 
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Some diseases cause the body to 
build immunity. 


By studying evidence and applying 
concepts, scientists have found a 
means of conquering many dis- 
eases, 


you are. The material to be studied is placed not on a slide, but on a film 
only two millionths of an inch thick. Instead of light, a stream of electrons 
outlines and permits magnification of objects as small as viruses. 

In what form of matter must a substance be to pass through a menk 
brane? From their earlier understanding of digestion, pupils should a 
rectly infer that only molecules pass through a membrane. Single a 
teria are single cells, they cannot get through a cell membrane into . H 
cells. Viruses are thought to be like DNA, the large protein molecule Se 
is able to duplicate itself and that determines characteristics that i a 
herited. Viruses can pass through cell membranes. Inside the cells, H8 
multiply and thus disturb the function of the cells. set 

Immunity. Have you had mumps or chicken pox? Are you likely to ae 
them again? (No.) Why not? at do S 
immunity mean? If you have þ ee 
infection, are you immune to st 
munity? (From formation or 


You are immune to them; but wh 
cen given antibiotics for a Staphylo im- 
aph infections? (No.) How do we get jon 
introduction of antibodies.) Discuss nd 
should elicit that having had a certain disease gives natural immunity» j 
that vaccination or injections give acquired immunity. 

Following the reasoning. The conquest of polio illustrates how rip” 
tists and technologists conquered a disease dreaded for the death r able 
pling effects it caused. Your text provides this evidence that was av" 
to the scientist who attacked the problem of polio: 

l. Vaccination with cowpox gives immunity to smallpox. act the 
io typhoid, mumps, or measles do not contra 


3. Injections of material from an animal with rabies kept @ boy 


certain death. (Pasteur’s bold hypothesis and successful trial.) e elec 
4. Certain diseases are caused by viruses, (The invention of tar asin 
tron microscope made possible the isolation of this specific agent © 
a specific disease. ) ack 
3 ; att? 
Imagine you are a Scientist, what ide r ted 


; ie ao ges 
ing the problem of Providing a vaccine for polio? (Some of the suet, rs 


scien” 


from 


we safely aid his body to build up 2” ra sale 
How woul 


ke? pe 
an we grow the virus? How can we Wea’ s p 
that it will safely produce the effect desired? How can we safely t 
vaccine? How can we be sure it works?) rK of 

F i 0 
. ae the pupils to cite from their text, examples of the moc 

nders, Salk, and Sabin. In what » J Sabin V 
5 Ww: Sabi 

differ? ays do the Salk and 
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Virus culture. Why was culturing a virus difficult? Have the pupils re- The environment for growth of vi. 
call how they cultured molds and bacteria. Can you grow a virus on a ruses differs from Me By oie tie 
nutrient jelly or on a piece of bread? Bacteria feed on cells. Virus can ing things. ri 
grow only inside cells. A hen’s egg is a large living cell. Dr. Enders and 
others used the hen’s egg to grow polio viruses. Fertilized eggs or chick 
embryos seem to provide the right environment, especially if kept close 


to body temperature (98.6° F.). 

Antiseptics, antibiotics, and antibodies. Encourage the pupils to devise Only antibodies give immunit: 
ways of making clear the difference between these terms. It may perhaps % 
best be shown by a drawing or chart. Pupils should develop the idea that 
antiseptics and antibiotics are specific against a disease. Only antibodies 
Sive lasting immunity, but all these are part of the chemical defenses 
against disease. 

Victories over discase. Refer the pupils to the table on text page 129. Pupils infer that the conquest of 
long? What concepts had to be dis- disease is a cooperative effort. 
ad to be made? Can we say that any 
any of the battles for conquest of a 
a team operation. What character- 
must have? Pupils should 


Why did winning the victory take so 
Covered? What applications of them h 
One scientist alone won the victory in 
disease? Modern medical research is 


illo do you think the members of the team 
illustrate from their understanding of concepts of learning and other 


Processes of scientific investigation. Could a scientific team win the battle 
against disease without your help? (No.) In what ways can you help? 
(Practice good health habits, report to your doctor if you are ill, have 


Te . > a 
gular physical examinations, etc. ) 


Extending the Concept 


Dr. Jenner and smallpox. Investigate and report on the work of Dr. 


Edward Jenner, Without an electron microscope Or even the knowledge 
that microorganisms caused disease, he developed a vaccine that protects 
you today. Be sure to include his hypothesis, his design for testing it, and 
the results. You may wish to compare his procedures with those of Dr. 

Onas Salk in his work on polio. 
known Walter Reed Hospital 


i Dr. Reed and yellow fever. The nationally : 
a Washington, D.C. is named after a brave Army doctor who, in Cuba 


uring the Spanish-American War, proved that yellow fever was caused 
Y the bite of a mosquito carrying the disease organism. Investigate his 
rte in the library. Compare his methods with those of Dr. Salk and Dr. 
abin. 
ik i i lhe With the librarian’s help you m Secrets e 
Sigg or of Wendell Stanley on the mosaic virus 0! to T li i = 
Of s ve in isolating it in crystal form, a quantity of it w i aie nd 
ee on a shelf, Yet these crystals infected healthy plants w 7 injecte 
pen hem. Look up and report other evidence of plant virus ns so pte as 
and e cucumber or the flowering maple (Abutilon). Agricultural agents 
p nurserymen may be able to supply information and examples of 
ant virus infection. How are the viruses controlled? 


ay be able to read about 
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Weakening viruses. Your text tells you that the Sabin vaccine used 
weakened viruses (page 128). What ways have you discovered of killing 
bacteria and molds or weakening their growth? (Refrigeration, drying, 
removing their food, chemically treating them, growing weak strains) 
How can viruses be weakened? Try to obtain information on Dr. Sabins 
work and prepare a report. 


(Text page 130) Reviewing the Concept 
Before You Go On. A. l.b 2a 3.b 4.a 5.a 


Using What You Know. 1. Antiseptics kill bacteria outside the bodys a 
biotics are substances produced by molds and used inside the body te gore, 
bacterial infections; antibodies ee substances made within the body, aed 
it immunity against a specific disease, frequently viral. 2. Natural immun 
results from having a disease, acquired immunity from a vaccine. 


(Text pages 131-38) Section 6: HEALTH—A PUBLIC CONCERN 

aaa M arn 
SUBCONCEPT Pupils investigate some of the advances in technology that keep oar 
Modern technology uses concepts wa 


ful bacteria and other microorganisms from contaminating food, 
of science to free the environment and the surrounding air. 


of harmful microorganisms. 
Introducing the Concept 


e 

Years ago, in 1892, an epidemic of cholera spread from India to na 
and then to America. In Germany, the port of Hamburg and the pm 
Altona are next to each other, Sewage was dumped into the Elbe I 
but both cities obtained their drinking water from the same asi urg 
tona filtered its water through sand, but Hamburg did not. In ne apit 
over 8,500 persons died of cholera, but only 328 died in Altona: 
discuss possible hypotheses for this difference in death rate. 3] many 

Typhoid epidemics, tuberculosis, and other diseases used tO w ater 
persons less than 100 years ago. The disease germs were carried iP ra” 
or milk. Within the last few hours you probably had a drink of wata you 
probably also a glass of milk for breakfast. How could you Þe w dis 
would not come down with cholera or typhoid, or some other jas nde 
ease? Can you mention some methods man has invented to keeP ne a 


sirable germs away from the food he eat inks, 20! e 
s, the water he drinks, thes 
he breathes? What did he need to know before he could invent he 
methods? Encourage the pupils 


to relate science understandings A im 
technological invention. With some classes lively discussion may a t with 
lated. With others you may wish to suggest the reading of the = 
attention to the following questions: H 

Who are responsible for protecting your food and water supply suse 
can microorganisms be kept out of well water? How can we a zo" 
water in a reservoir is fit to drink in every house? Is health 3 pf 
concern? Or should it be the job of government agencies °° y 


Processes emphasized 

Library research 

Observation 

Investigation 

Invention of models 

Designing an investigation (ex- 
periment with controls) 

Hypothesizing 


L 
GER 
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Developing the Concept 

How is milk pasteurized? Why is milk a favorable environment for bac- 
teria? Recall their needs for food and moisture. Display a milk carton. 
What word on the carton indicates that it has been treated against harm- 
ful organisms? What does pasteurization do? Commercially, milk is pas- 
teurized by heating it to 145° F. and holding it at this temperature for 
20-30 minutes, and then cooling it rapidly. This process kills only the 
harmful disease bacteria; other microorganisms in the milk are kept from 
growing by the rapid cooling. ; 

Pasteurization can be simulated by using higher temperature for a 
shorter time. Heat a half pint of raw milk in a small metal container. 
Bring it to 175° F. and keep it at this temperature for 15-30 seconds. 
Imbed the container in a bowl of ice. (The metal container will not crack 
as glass might under rapid cooling.) 

Will pasteurized mill tur A fast as raw milk? Set a test tube or 
small bottle of raw milk and your “pasteurized” milk in a safe place for 
Several days, Placing them inside a quart glass jar will insure safe keep- 
ing. Label each tube. What test can you use instead of taste or smell to 
determine if the milk sours? (Use blue litmus paper as an indicator.) Test 
a small sample of each tube each day at the same time. How soon does 
the litmus paper turn pink? What does this indicate? When the milk 
Warms up, bacteria surviving pasteurization begin to grow. ise diges- 
tion of milk sugar, a carbohydrate, begins to break the milk down into 
lactic acid, 

Filtration of the water supply. How do 
your faucet? Streak a line on the chalkbo 

ties. Where does the water go? Suggest t 
131-32. It may be useful to recall, from ea 
€vaporation-condensation cycle. 

Where is the watershed for the reservoir 
i alg be a to aa : age 

Ts, in a 7 whic! } : 

Posed of, Atiadh scion oe ofl to the bottom of the carton hla 
under them to catch the run-off. Mound up soil and pebbles pas the wrt 
‘on. Sprinkle from above with water to simu fall. Is the run 
i (No) hed? A miniature 

a would you purify run-of water tiom 4 Me ndl filled with 

tration plant can be demonstrated by using @ mEn k for Elemen- 


ayers of sand and gravel. (See Fi 11-2, The S 
; gure . 
tary Science, For ae of ps in settling solids out of water, see page 186.) 


s the water flows through the funnel filter, does it become ato r the 

Water now purified? Encourage pupils to develop their own hypotheses 

and then verify by investigation. 

pa emical purification of the water supply. AS 

ks 132-33, they become aware that filtratio 
™ful bacteria from water. In what ways ca 


es water travel from a cloud to 
ard with a wet sponge. It soon 
hat the pupils read text pages 
rlier work in science, the 


that supplies your local water? 
del of a watershed, preferably 
er be pulled apart and dis- 


the pupils read the text, 
n often does not remove 
n bacteria be destroyed? 
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TE 
ACHING SUGGESTIONS 


Harmful bacteria in milk are de- 
stroyed by pasteurization. 


Equipment and Materials 
.. carton of raw milk 
.. kitchen thermometer 
. .metal container 
... watch with second hand 
. . hot plate 
.. dish of cracked ice cubes 
...2 test tubes or jars 
.. blue litmus paper 
. quart jar 


Many harmful bacteria and unde- 
sirable solids are removed from wa- 
ter by filtration. 


Equipment and Materials 


. shallow carton 
. . aluminum foil 
. soil and pebbles 
...sand and gravel 
.. sprinkling can 
. funnel 
. containers 


Bacteria may be chemically removed 
from water to make it suitable for 
drinking. 


. : ea 

(Boiling, freezing, use of chemicals.) Which would be piecie e ae 
reservoir? How can you tell if the water still contains pern oil 
cultures as in Section 1.) How can the water be freed of these iy Cher 
Recall the effectiveness of antiseptics. How do they kill Dne me 2 
ically.) In many communities, chemical substances, such as roster In 
compounds of chlorine, are added to the water to kill microorgs ‘ups to 
small amounts, chlorine is not harmful to the body. pe PA. (text 
carry out the “Investigation into Purifying Water with NA sub 
page 134), and to design additional investigations. W hat © 1e 

stances, if any, are added to the water by your community: 

A country water supply. In a country water supply system, a o home: 
comes directly from the ground and is led through pipes into ot ue 
As children read the text pages 133 and 135-36, most of them i 4 it dif 
“digging” for water at the seashore or near a lake. If children fin 


ater often 


ete, it bY 

ficult to understand what the water table is, you can easily clarify | 
a simple investigation. ar the potto™ 
Equipment and Materials Fill an aquarium or wide-mouthed jar ł full of gravel nea rae appeas 
aariaa or lates jar and top it with fine sand or soil. Slowly add water until a w ater a carefull 
ie about } or } way up the jar. Select a volunteer to dig cae ne pir 
eo or soil into the soil until he reaches water, A dug well is based on the sa! lly 

. funnel 


z | heen natur? 
ciple. A drill is sunk into the earth to the water, which has been 


purified by filtering through the soil and gravel, be t 
Porous rock filters out germs, However, the water should at cal 
from time to time for purity. You may wish to check with : ter com 
health department office to find out how well water is tested. Wa to 
ing from a well deep in the ground ( 
drink. An artesian well model m 
ber or plastic tubing to a large 
the funnel while holding the en 
the funnel. The farther the tub 
spurts out. An artesi 
sunk to the water al 


. rubber or plastic tubing ested 


a 
an artesian well) is oe rub 
ay be made by attaching a leng ater int 
funnel filled with sand. Pour routh p 
d of the tubing higher than ig wate! 
e is lowered, the more strongly 5 ple 
an well catches water between rock layers: "ges 


lows an outlet for the pressure, and the are a 
Pupils should be encouraged to carry out individually the resear® 
gation on text page 137. 
Extending the Concept lth ord" 
Community health laws. Secure information about local hea a 
nances from school or public health department personnel. ds i? 
Look for stamps or 


seals of inspection on meats and other fon nag” 
food inspectors watch for? Your cafeteria ede" 
or a local druggist, may help you find out what difference te a 
Pure Food and Drug Act makes to you. ait’ o 
Flying microbes. Since cold and flu viruses are believed to be# d 
you know the reason for smothering coughs and sneezes. jaws a 
World air travel, especially from countries with lax health agin® 
standards, increases the difficulty of protecting your health. 1m 


supermarket. What do 


pe 


eR 
ONG 
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| example, trying to find cholera viruses in the clothes and baggage and on 
` the skin of a person returning from the Orient. If you live near a border 
immigration station or near an airport with a customs section, you may 
be able to find out about the regulations for health inspection for incom- 
ing travelers. 

Persons who handle food. Restaurant workers must handle food daily. 
Requirements for hand washing, use of hair nets, periodic chest X rays, 
and other forms of cleanliness are established by the Board of Health. 
| Restaurants are periodically checked to see if certain standards are being 
maintained. Investigate and report on local health regulations for the 
restaurants in your community. The school cafeteria manager may also 
be able to tell you about health practices in the preparation of school 


lunches, 
On culture plates, you can grow bacteria from the hands and hair. This Equipment and Materials 


may be done by preparing plates as you have done earlier in this unit. 2 culture plates 
Select two volunteers, one to place his hand print on a culture plate, an- 
other to furnish a strand of hair which is placed on another culture plate. 
After 24 hours observe the plates. Can you suggest why clean hands and 
hair are important in maintaining good health? , 
Depth of wells. In different areas, the depths one must drill to secure 
safe drinking water may vary greatly. What do type of soil and land ele- 
vation have to do with the depth of a well? Children may wish to go to the 
library for answers to this question. 


Reviewing the Concept (Text page 138) 


Before You Go On. Alb 2a 3b 


Section 7: THE MAIN CONCEPT: CONTROLLING (Text pages 139-45) 


THE ENVIRONMENT 
S All organisms depend on the environment for foc $ 
metimes the competition for these basic necessities creates an environ- 
ment unfriendly to other organisms—among them man. Through the ideas 


of science and the tools of technology, man has been able to a ae 
ify, and control his environment. Microorganisms are adapted to their UNIT CONCEPT 


Special environment, but man is aided by beneficial organisms and harmed  {jving things are adapted | 
Y others that threaten his survival Medical research gives man a means structure and function to t 
of controlling the environment by seeking the causes and cures of dis- environment. 


ease N * 
S caused by microorganisms. 


r food, water, and shelter. CONCEPTUAL SCHEME 

Living things are interdepende 
with one another and with the 
environment. 


CONCEPT SUMMARY l l l 
NOTE. As you and the pupils review together the main concept of this Processes emphasized 


cats several opportunities present themselves for adding information that Concept forming 
ma clarify the relationship between science and technology. You may Theorizing 
ish, as you present this information and as the pupils read the section, 


TEA i 
CHING SUGGESTIONS ™ 


NS dd 


How are you like a bacterium? 


Equipment and Materials 


... balloon 
... bread 


What microorganisms did Leeuwen- 
hoek see through his microscope? 


What does fo be quarantined 
mean? 


Why was Koch’s isolation of the 
bacillus causing tuberculosis a turn- 
ing point in bacteriological studies? 


Equipment and Materials 
..+ Jell-o 


. agar 


What conditions inhibit the growth 
of bacteria and molds? 


to develop discussion, demonstrations, or pupil investigations that will 
deepen understanding of the concepts. 

The needs of organisms. How are you like a bacterium? (Neither you 
nor bacteria make the food you eat.) What coloring matter do your cells 
lack? (Green, due to absence of chlorophyll.) Both you and most bacterie 
depend on green plants for oxygen. How does food get into your cells! 
How does it get into a bacterium which has only a single cell? An inflate 
balloon can serve as a model of a coccus bacteria. Imagine that the 
“coccus” needs to “eat” bread for energy to go and grow. How could me 
get into the closed balloon; that is, how can bread get inside a cell? r Š 
recall that digestion breaks down complex food substances into ee 
substances that can pass through cell membranes. This digestion ta 
place outside the cell. 

Molds and bacteria are nongreen organisms, In what ways d tate 
behave alike? (Both are consumers of food energy stored by other © 
ganisms. ) 

The first bacteriologist. The first scientist to see bacteria was Anton V 
Leeuwenhoek, a Dutch lens maker. With his crude microscope: ae 
magnified about 100 times, he explored a whole new world of mie x 
organisms. He carefully recorded and pictured everything he saw, n 
courage student reports and drawings of their explorations with a mic 
scope, and post them on the class bulletin boards. jso- 

Quarantine. Persons who have contagious diseases are sometimes odi 
lated from others by being quarantined. Which diseases are quaranU” i 
Where did the term quarantine come from? The French word for fe - 
(quarante) gives a clue. A good dictionary will furnish additional m 
mation. Children may wish to make a chart listing diseases which are § 
ject to quarantine. ed 

Tracing the culprits. Robert Koch, a German bacteriologist, develo? i4 
a technique for pure culturing of bacteria that led to his discovery * m 
isolation of the bacillus causing tuberculosis. His pinpointing ° y for 
cific bacterium as the cause of a specific disease shortened the seare cul 
ways to cure many other feared diseases. Dr, Koch’s bacterial potato illy 
ture (Section 1, page T-47) was the key to pure culturing. Foo! od 


made with gelatin seemed to be better, but it offered problems. r jell? 


temperature is ideal for bacteria growth. What happens to a drop ° any 


on your warm skin? (As it warms, Jell-o, a gelatin, liquifies. ) Thus, 
gelatins, if used in bacteria culturing, would eeonitee and mix s uto” 
preventing a pure culture. Dr. Koch learned about agar from 4 soup: 
housewife, whose friends in Java used a seaweed agar to thicke” "ade 
Prepared food nutrients now used in culturing bacteria include agar us 
from seaweed. You may wish to secure some powdered agar from # era 
gist to make some agar jelly. Does agar, like Jell-o, melt at body te™ 
ture? Why is agar more useful in bacteria culturing than a gelatin’ ened 

Destroying bacteria and molds. What methods did you find wea owt! 
or destroyed bacteria and molds? Drying and chilling slow® r 


o they 


an 


A 
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but about 10 per cent of bacteria form spores that are not easy to destroy. 
These single-celled bacteria, under unfavorable conditions, develop a 
coat that protects the spore against heat, cold, drying out, and even lack 
of food. Spores can stand boiling water longer than any other living thing. 
Steam heat, about 30° to 40° above boiling, such as your mother uses in 
a pressure cooker, is about the only way to kill spores. To see what boil- 
ing does to cells of plants or meats, make microscope slides of such cells 
before and after cooking, and view them under a microscope. What 
changes do you notice in the cells? 

To weaken an organism without killing it, what methods might you 
use? (Chilling, drying, starving, infecting, or cultivating weak strains.) 

How did it happen? On a hill above a ghost town in a mining region of Why is sanitation important? 
Colorado is a cemetery. From reading the headstones, you would find that 
by the early age of 30 most of the inhabitants had died of typhoid. From 
what you have learned about water-borne diseases and the proper han- 
dling of sewage, how might their deaths have been prevented? 

Spontaneous generation. One of the great ideas upon which bacteriology — Do microorganisms come from no- 
has been built is another contribution from Pasteur. Many persons in his where? 
day believed that microorganisms—at least many of them—suddenly ap- 
peared from nonliving matter. By testing a hypothesis that living things 
could only come from other living things, he proved indisputably that 
every microorganism must have a parent. With the help of a reference 

brarian, investigate and report on “spontaneous generation,” the appear- 


ance of life from nowhere. 

Superstitions and science. Until the advent o 
Could not often understand why things happened. It was easy to believe are still prevalent? 
that anything they didn’t understand was caused by evil spirits. The his- 
tory of medicine and of man is full of superstitions about diseases. Why 


© you think there were so many American Indians and other primitive 
Peoples who turned early to nature for curatives? For example, winter- 
quinine bark for malaria. 


a was used as a cure for rheumatism, and i k ar 
p Pharmaceutical supply house often has interesting material on origins 
> Sources of common drugs. If your library has a copy of Rats, Lice and 

‘story by Hans Zinser you may be surprised to find how the history of 
enti : > ; , 

ntire nations has been affected by microorganisms. 

Relating science and medical technology. This unit enlarges on the con- How are science and technology 
cept that living things are interdependent with one another and with their interdependent in the conquest of 
environment. As scientists and technologists saw Ore and more clearly _ disease? 

i . 
ton a longer life was related to this concept, t ; : l l 
n to ways of controlling unfavorable living things in mans environ- 


a i i i j» 
“ent. To summarize how scientific discoveries and technological inven 
divide the class into groups, 


f modern science, people | What superstitions about disease 


hey directed their atten- 


Por 5 
an l The important point is to generate 
acting roles of the scientist and technologist. 
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TEA 
CHING SUGGESTIONS 


D o Oo 


(Text pages 142-45) 


with their environment lead to the invention of antiseptics and ania 
(It gave insight into control of microorganisms inside and outside 


body.) 


Testing Yourself. 1. a. Bacteria. 


1. Why was the invention of the ordinary (light) microscope impor- 


tant in man’s search for a longer life? (It led to discovery of ae 
knowledge of the cell structure of all organisms, and of the functions 
cells in relation to their environment, etc. ) 


s z n : x teria 
2. How did the invention and improvement of methods of bacteria 


culturing outside the body contribute to medical progress? (Most we 
teria could be grown pure and their functions studied, resulting in = i 
ern medical practices and regulations for food handling, water purifica- 
tion, sewage disposal, etc.) 


: : soranism™s 
3. How did the knowledge of interaction of cells and among ns? 
ouc»: 


the 


: : , ajor tech 
4. How was the invention of the electron microscope a major 


nological breakthrough in man’s battle against virus-caused diseases 
(Viruses could be seen, cultured 
conditions, which resulted in the 
bodies into the environment in whicl 


a 
vi ronmenta 


, and studied in relation to en i 
an 


z j -nti 1 
invention of ways to introduc 
1 viruses grow, etc.) 


E a we aiana 
5. How does “chance favor the mind prepared”? (How scientists 


, ; : ems: 
inventors hit upon hypotheses and found ways to solve their proble 
Pupils cite specific work of scientists. ) 


FIXING THE MAIN CONCEPTS 


neat 
b. Probably; the well is probably 7 
farm buildings and may be contaminated from sewage. The bacteria 
cause disease. c. Move the buildings or sink a new well farther aW® se: 
permanent cure of condition. Filter and boil the water for prese” 
d. Chlorination. 2. Children inoculated against diphtheria; pure eA ine 
water regulations control typhoid infections. 3. Sets up regulations n5 
specting food and water supplies so that disez 


n Dy r 

: ases cannot be spreac ™ for 

of contaminated food or water. Local governments build reservoirs, thet 
bacterial content, provide filtration 


and chlorination of water supplies: | dis- 
answers possible. 4. a. Boiling kills microorganisms that might cau g 1 
eases. b. Chilling keeps microorganisms from growing. © ple ities 
moves solids and many microorganisms, d, Chlorine in small ae oft 
kills bacteria and is harmless to human beings. 5. Antiseptics kill ee kil 
internal body cells; antibiotics generally are harmless to body cells» ls put 
bacteria and other microorganisms; antibodies harmless to body 2° 
destroy specific viruses. 6. Consult gloss. 


m ay 


ary on text page 422. 


Quick Test. l.c 2a 3.c 4.d 5.b 


of 
pit D 
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A CONCEPT OF INTERDEPENDENCE: A NEW VIEW 


In this first new view in Concepts in Science 6, pupils consider the inter- 
relationships of many concepts that support the conceptual scheme of the 
first three units. By briefly reviewing classification of living things, they see 
that living things are related by common structures with which they per- 
form life functions, But man alone possesses a structure so well devel- 
oped that he can learn and apply his learnings. Thus he understands, 
through concepts he develops, that all living things are interdependent 
with one another and with their environment, and can apply this great 
concept to control both the conditions in the environment and the living 
things in it, 


TEACHING SUGGESTIONS 

You already know much more than a good scientist knew two hundred 
Years ago, How is this possible? What is the biggest book you meai 
seen? Probably Webster's largest dictionary. It might take a boo a a 
size to hold all the knowledge that is now known about penicil = S 
Covered as recently as 1928. You know about all kinds of Sap i 
plants, For example, if you were to visit Mars and picked np a renhet 
Or a bit of fur, what inferences would you make? (Life would ae on 
Mars, But even more. There would be birds and mammals ana p i 
Or at least some form of life that captures and stores energy—existing 


re > ; life, as well as minerals 
there, there would be enough oxygen to support oe 
: d muscles and aid in growth 


and other elements that help build bones an eames 
and Tepair of body tissues.) How can you make these in = = 
Concepts that we have developed.) The recent Si ago on > 
. ariner spacecraft seem to indicate this type 1s unlikely. How > 
ferences are still valid. 

Each pupil should have a note- 


If possi a roods. 
Oss ẹ g 7 a woods. 
I ibl > arrange to visit a alunins h aile 1 ANTS an j 


00k or a few sheets of paper ruled into two ¢ I Tis Beedle 
ANIMALS. For each plant, an animal seen on OF near it s ho o ea 
oak tree—squirrel; shrub—sparrow (and nest ); wild = ar i in 
After returning to class, discuss the number and kinds o ang a” 
mals living together., In what ways are they alike? In what w ar ee 
an either live without the other? In this way, lead up tO Dees wo 
es of conceptual statements of hidden anon in be ne ae 
unction (through classification), and the concepts of in er ag 
and adaptation to environment. The charts on text pages shir Bes 
Should then be examined and discussed. If a visit to a woods is = 1 e 
sible, a tour of the school grounds will provide a similar opportunity to 
Vestigate the euivormnEnts 
and animals seen on the 
pyramid of life? Another 
ding habits to a chain 


i Discuss text pages 147-49. How do the plants 
v ur of the woods or school grounds fit into the 
2Y of showing interdependence is to relate the fee 
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T 
EACHING SUGGESTIONS 


~~ 


(Text pages 146-51) 


CONCEPT RELATIONSHIPS 

In his attempts to understand the 
world in which he lives, man has 
developed the large conceptual 
scheme that living things are in- 
terdependent with one another 
end the environment. 
smaller concepts 
conceptual scheme. 


Many 
support this 


Concepts are a base for drawing 
inferences. 


hidden 
leads to concepts. 


Searching for likenesses 


Living things are interdependent. 


Technologists apply concepis. 


Man attempts to manage his en- 
vironment. 


that traces back to the energy from the sun. Pupils may diagram this 
food chain relationship. Other pupils may diagram the interchange of 
oxygen and carbon dioxide between a green plant and an animal—a horse 
and grass by reference to page 150. What other kinds of interchange arè 
there? Pupils may recall the role of decay bacteria, for example. 


The text, page 151, mentions hides and fibers—products we use pecausi 
of technology. Review how technologists apply the concepts formulat? 
by scientists. On what other animals or plant substances is man interde- 
pendent with other living things in his environment? A listing can be que 
long and interesting. How is man dependent on his physical ana 
ment? Discuss and add other technological examples, citing the iis 
used, to those on page 151. 


To start thinking about the final paragraph of the section, you may wish 
to relate what happened in the region around the Grand Canyon vine 
campaign to eliminate mountain lions that occasionally killed a few cat ee 
was instituted. The deer population multiplied so fast that the deer ae 
ally ate themselves out of their environment. With reduction of w 
food supply, they died off in great numbers, Interested pupils mignon 
vestigate such subjects as soil, water, forest, and wildlife conservati?" 


; i . terde 
relating their reports to man’s application of the concept of me 
pendence. 

wW 
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A CONCEPT OF INTERDEPENDENCE: 4 ne 


TEACHER’S NOTES 


UNIT THREE 


IDEAS AND TOOLS: 
FOR LONGER LIFE 


In 1870, rabies was a deadly disease. Joseph Meister had been 


bitten by a dog with the rabies disease. He would have died—ex- 


cept for Louis Pasteur. 


In Pasteur’s time it was not known that rabies was caused by a 
virus; but Louis Pasteur had the idea that germs cause disease and 
he pursued the idea. Moreover, he had the idea that when weak- 
ened disease germs were injected into the body, the body produced 


substances which destroyed the germs. 


Pasteur investigated his ideas. He experimented with rabies and 
his injections had saved many animals from that dread disease. 
He had not tried his injections on human beings. Should he or 
shouldn't he? Faced with the possibility of saving a life, he did 


inject the weakened rabies virus into Joseph Meister. Joseph 


Meister lived. 

e time of Pasteur, ideas (such as the germ theory of 
(such as microscopes and drugs) have been 
s unit is the study of how man uses his 
tion and his skill, to change his en- 


Ever since th 
disease) and tools 
used to conquer disease. Thi 
brain and his hands, his imagina 


vironment and lengthen his life. 


Caleutta © 
8. ee 


1. Organisms We Cannot See 


The medicine dropper in the pic- 
ture contains sour milk. E It contains 
many tiny organisms (6r’gon-iz’amz). 
In fact, the single drop of milk about 
to fall from the end of the dropper 
may contain as many organisms as 
there are people in the United States. 


A Microscopic View of Tiny 
Organisms 

Organisms too small to be seen by 
the unaided eye are called microorga- 
nisms (mi’kr6-6r’gon-iz’emz), They 
can be seen only with a microscope. 
A microscope has several lenses ar- 
ranged to magnify tiny plants and 
animals that are invisible to the 
naked eye. Under a microscope these 
organisms appear many times larger 
than they really are. If you look at 
a drop of sour milk through a micro- 
Scope, you will see organisms like 
those shown in the picture. ® 
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The tiny, rod-shaped organisms are 
bacteria. Bacteria are the smallest 
living plants. Some kinds of bacteria 
cause disease but most of them do 
not. The rod-shaped bacteria shown 
in the picture are not harmful. They 
cause milk to sour and therefore are 
found in sour milk and also in butter- 
milk. Buttermilk, in fact, is a health- 
ful drink. 

Find out more about bacteria and 
how they grow by doing the investi- 
gation on the opposite page. 


Kinds of Bacteria 


There are millions of bacteria in 
One colony. Some of them may be 


or more), your 
teacher may prepare slides with the 


ures so that you 


AN INVESTIGATION into Growing Bacteria 


Needed: a microscope (400X or more); 
a medicine dropper; sour milk; two 
Pyrex dishes; sheets of plastic and 
rubber bands (or glass lids for the 
Pyrex dishes); a package of plain 
gelatin; one bouillon cube 


With a medicine dropper, put a drop of 
sour milk on a clean glass slide. If the 
drop is very thick, add one drop of water 
to the slide. Place a cover glass over 
the drop. Then examine the drop under 
the microscope. Is what you see similar 
to that shown in the picture on the op- 
posite page? 

A single bacterium is invisible to the 
unaided eye; but when many of them 
multiply and form colonies, you can see 
the colonies. Grow some colonies of 
bacteria; but do so only with the help 
of your teacher. i 

Half-fill two Pyrex dishes with a MIx- 
ture made as follows: 

To a cup of boiling water add the con- 
tents from one package of plain gelatin 
and one bouillon cube. Stir until the in- 
gredients are dissolved. Then add one- 
half cup cold water and stir. 
mixture is still warm, pour | 
Pyrex dishes. Leave both dishes Um 
covered for several hours; then put a 
plastic sheet over each dish and fasten 
it with a rubber band (or use glass 
lids).m Place one dish in a refrigerator 
Leave the other in a warm, dark place. 


While the 
t into the 


After several days, do you find 
blotches, or spots, on the dish left in the 
warm place? These are the colonies of 
bacteria. Do they look like those in the 
picture?@ Were all the bacteria of the 
same shape? 

Look at the dish in the refrigerator. 
What is the effect of cold on the growth 
of bacteria? 
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If you were to examine the bac- 
` teria under a microscope, you might 
find three types. 

The bacteria shown first are rod- 
shaped bacteria called bacilli (bo- 
sili). The spherical bacteria are 
called cocci (kok’si), and a third 
type, shaped like a corkscrew, is called 
spirillum (spi-ril’om), Many cork- 
screw bacteria in colonies are spirilla 
(spiril/la), plural for spirillum. 

These are the three kinds of bac- 
teria that are found all around you. 
Some of them may be harmful, but 
most of them are harmless. 


Not only do most bacteria not 
cause disease; some are even useful. 
Some kinds of bacteria are used in 
making linen from a plant called flax. 
Some kinds, called decay bacteria, 
break down dead animals and plants, 
and return the matter to the soil. 
Without such bacteria the world 
would soon be full of dead things. 
Imagine a forest full of dead trees, 
just lying there. In time, no trees 
could grow, for there would be no 
humus (hyo0’mas) in the soil. De- 
cay bacteria cause dead plants and 
animals to break down to form hu- 
mus, an important part of the soil. 
Humus restores to the soil the miner- 


als that plants need in order to live 
and grow., 


Not all bacteria 
ficial to man, Som 
Serous. They fee 
body and c 


» however, are bene- 
€ are extremely dan- 
d on tissues in the 


OP ig A. Study the statements below and choose the correct re- 
0 ON sponses. They will help you fix in mind the concepts of this 
section. 
1. Geraniums and bacteria are alike in that they both 
a. have leaves b. are plants 
2, Geraniums and bacteria are unlike in- that bactètia have 
a. no roots b. roots z 
3. Look at the drawings of the three microscopic organisms 
shown below* They are all 


a. bacteria b. bacilli 
ow ait ‘ å © 
ca err ágh T 
* % 
A B c 
4. Bacteria which cause decay are usually 
a. helpful b. harmful 


B. Write a paragraph or two on this topic: Some Helpful 


Bacteria. 


USING WHAT 1. Whyisit important to put certain foods in a refrigerator? 


YOU KNOW g, Where would most vegetables (for example, lettuce) 
and fruits (for example, apples or oranges) keep better—in the 


refrigerator OF outside the refrigerator? 


3, Of what use are bacteria in a forest? 
4, Suppose all 


for living things? 
5. How is it possible to see bacteria without a microscope? 


6. Most bact 
phyll. How does t 


bacteria were destroyed. Would this be good 


eria are colorless plants containing no chloro- 
his make them different from green plants? 
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2. Unwelcome Organisms 


If you have ever had a cold, your 
body has been attacked by unwel- 
come organisms. Most colds last only 
a short time, that is, it usually takes 
your body only a short time to over- 
come the organisms that cause a cold. 
Overcoming attacks by other organ- 
isms may take a longer time. What 
are some of these organisms? 


Nongreen Plants 

Bacteria are colorless plants; they 
have no chlorophyll, the green sub- 
stance found in most plants. Since 
they have no chlorophyll, bacteria 
cannot make their own food. They 
cannot capture the sun’s energy as 
green plants do, so they must get 
their energy from other living things. 

Bacteria are living cells. Like other 
living cells, they have cell membranes 
on the outside. In addition to a cell 
membrane, bacteria also havea tough 
cell wall which protects the inside of 
the cell. 

Since a bacterium does have a 
cell wall, how does food get inside? 
How do bacteria break down solid 
food into particles small enough to 
pass into the bacterial cell? 

Bacteria do this in much the same 
way as do molds and other fungi 
(fun’ji). Fungi (the plural of fungus, 
fung’ges) are nongreen plants, Many 
fungi grow larger than bacteria, but, 
like bacteria, these fungi have no 
chlorophyll. They cannot manufac- 
ture their own food and must get 
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their nourishment from other living 
things. Some common fungi are bread 
mold, mushrooms, and puff balls. 

Molds grow in colonies similar to 
bacteria. They absorb food in much 
the same way. 

To get an idea of how bacteria col- 
lected from the air may cause dis- 
ease, you can use a substitute, a com- 
mon mold, in the investigation on the 
opposite page. The way a fungus 
plant gets its food will give you a 


clue as to how bacteria may cause 
disease. 


The Needs of Fungi 


From your investigation, what 
would you guess are the needs of bac- 
teria, molds, and similar plants? They 
need a source of food, a source of 
moisture, and a reasonable tempera- 
ture. Molds and bacteria grow well 
at room temperature. Recall your in- 
vestigation on page 101. Did the bac- 
teria do well in the refrigerator? 

What happened to the bread on 
which the bread mold was growing? 
Left for a period of time there should 
be less and less of the bread. As the 
mold continues to grow, the bread 
may disappear altogether, 

ou can explain the change this 


way. There was an increase in the 
amount of br 


decrease in t 


y the mold for its 
growth. As the mold grew, the amount 
of bread decreased. How could the 
mold absorb the bread? 


AN INVESTIGATION into How Fungus Plants Get Their Food 


Needed: two dishes (or jars) and covers; 
some stale bread; a microscope 


To grow bread mold, obtain two dishes 
or jars, with covers. Jars with a screw- 
top cover will do. Be sure the jars are 
dry. Break a slice of white bread in half. 
(Use stale bread, or toast both pieces 
until they are dry.) Put one piece of 
bread in each jar. To one piece of 


bread add about ten drops of water; add 
no water to the other. m Then screw the 
cap on each jar. 

Put both jars in a dark place at room 
temperature. Examine each jar every 
day, and make notes of what you see. @ 

Examine some bread mold under the 
microscope. You will see (as shown in 
the picture) what looks like a bunch of 
threads. A Each thread has a black ball- 
like body at one end, which produces 
spores. Each spore can produce a new 
mold plant. 

At the other end of the threads are 
rootlike structures. Each mold is joined 
to others by threads that run along the 
bread. 

Do your results agree with those 
shown? Which one of your jars had the 
best growth of mold? Why? 
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AN INVESTIGATION into the Use of Diastase 
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Needed: bread, as a source of starch; 
diastase (available at the drug- 
store); Benedict's solution; a test 
tube; a source of heat 


Plan an investigation to show that dia- 
stase acts on starch as saliva does. Your 
plan must show that diastase breaks 
down starch. Starch will not dissolve in 
water. It cannot pass through a cell 
membrane. Sugar does dissolve in wa- 
ter. It can easily pass through a cell 
membrane. For this investigation on the 
action of diastase you will need a way 
of testing for sugar.me@ Your teacher 
probably has some Benedict's solution 
on hand. If not, it can be bought at most 
drugstores. How can Benedict's solution 
be used to test for sugar? A reference 
book in the library may help you to find 
the answer. Bread is mostly starch. How 
can bread mold change the starch so 
that it can be absorbed through the cell 
membrane? 

Some plans for investigating the use 
of diastase are shown on the opposite 
page. Plan an investigation of your own. 

On page 119, you will find Sir Alex- 
ander Fleming's design for an investiga- 


tion. Is your plan similar? Does it 
include a control? 


Bread contains starch, a food sub- digested. To digest means to break 
stance which does not dissolve in wa- down food so that it can diffuse 
ter. A substance must dissolve in through cell membranes. How does 
water in order to pass through a cell mold break down the bread? 
membrane. The bread must be bro- In most drugstores, you can buy 
ken down in some way so that it dis- diastase (di’a-stas). Diastase is one of 
solves. Then it can pass through the a class of substances called enzymes 
cell wall and cell membrane. (en’zimz). Some enzymes help to 

If you could examine (under the break down the starches in food and 
microscope) the bread around the to change them into sugars. Can dia- 


rootlike structures, you would see a stase change starch into sugar also? 
as if the bread were being You can find out by doing the investi- 


clear space 
gation on the opposite page. 


dissolved. Actually, the bread is being 


POSSIBLE INVESTIGATIONS WITH DIASTASE 


il test tube of 
undissolved starch 
in water 


1. two test tubes 
of undissolved 
starch in water 


4. test the one 
with diastase 
for sugar 


3. test both 
for starch 


4. test a mixture 
of plain diastase 
and water for sugar 


. two test tubes 
of undissolved 


starch in water ari fth h z 
xper riment simi ar to any of those shown: 
Which Pte aa nts above will best show what diastase does? 
l 
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A Bacterium and Its Food 

A bacterium digests food in much 
the same way as a mold plant. It 
produces enzymes which break down 
food substances into simple com- 
pounds, such as sugar. These simple 
compounds dissolve in water. Then 
they can pass through the cell mem- 
brane into the cell. 

A mold plant can grow and produce 
spores, and each spore produces an- 
other mold plant. A bacterium, on the 
other hand, grows and divides into 
two. H Bacteria multiply very quickly, 
sometimes as fast as once every 20 
minutes. So a single bacterium falling 
on the food mixture (bouillon in gela- 
tin), described on page 101, divides 
into two, the two divide to make four, 
the four to make eight, and so on. 
Suppose the number doubled every 
20 minutes. How many bacteria 
would there be at the end of 24 hours? 
The answer should explain why it does 
not take long to produce a colony. 
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When decay bacteria or molds col- 
lect and grow on a dead tree, the 
wood soon begins to rot or decay. The 
molds and bacteria secrete enzymes 
which break down the wood of the 
tree. They use the digested wood as 
food. They feed, and grow, and repro- 
duce; and, in time, there are enough 
of them to consume the entire tree. 

Bacteria occur in countless num- 
bers and are found almost every- 
where—in air, water, and soil. In- 
dividually they are so small as to be 
invisible to the unaided eye, but they 
are of very great practical importance. 
In the soil they make nitrogen avail- 
able to plants. They are the chief 
agents of decay of dead plants and 
animals. They are essential in many 
industrial processes and are the source 
of many valuable substances, But bac- 
teria are often harmful, too. They are 
responsible for the spoilage and loss 
of vast amounts of foods and are the 
Cause of many serious diseases. 

Sometimes harmful bacteria fall on 
an open wound and begin to feed on 


the cells inside the cut. They grow 


ea multiply very rapidly and soon 


egin to spread around the entire 
area. Infection occurs, The infection 
may even invade the blood stream. 
How could you prevent the growth 


of bacteria in a wound? How could 
you stop it? 


Various sanitar 


cleanliness, disinf 
tion 


Yy practices, such as 
ection, and steriliza- 
are common aids in preventing 


infection; and even your body has 
ways of defending itself, 


BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 


ON YOUR OWN 


A. Study the statements below and choose the correct re- 
sponses. They will help you fix in mind the concepts of this 


section. 
1. Unlike geraniums, bacteria have 
a. no chlorophyll b. chlorophyll 


2, Bacteria are very much like 
a. animals b. molds 


3. Most bacteria grow well at 
a. the temperature of ice b. room temperature 


4, Before food can pass through the cell membrane of a 


bacterium, it must be 
a. digested b. starchy 


5. To digest food outside its cell membrane, a bacterium 


uses 


a. enzymes b. roots 


B. Write a paragraph or two on this topic: How a Bacterium 
Gets Its Food. 


1. How do bacteria break down a dead tree? 


2, How do bacteria reproduce? 


3, What may happen when certain bacteria get into a 


wound? 


e a bacterium divides in a half hour. Then the two 
eria divide in a half hour. At this rate, how many 


d there be in 72 hours? 
why do bacteria not keep on dividing and cover 


Suppos' 
resulting bact 
bacteria woul 

At this rate, 
the earth? 
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3. Your Body’s Defenses 


There are bacteria everywhere, or 
so it seems. Why are you not ill all 
the time? Why is not everyone ill? 
One reason is that the body is on the 
defense all the time. 


The First Line of Defense 

How is the inside of a house pro- 
tected from the rain? By its roof and 
walls, of course. When there is a 
break in the window or a hole in the 

roof, the rain gets in; so can certain 
living things, insects, for instance. 

How is your body protected against 
invasion by bacteria or other infec- 
tious organisms? You are protected 
by a covering of skin. The skin is the 
first line of defense on the outside of 
your body and is made up of layers 
of cells. It is almost waterproof; and 
unless it is broken, it is practically 
germproof. 

There is a layer of flat cells on the 
outside of the skin. This layer is not 
dry but is almost always covered by 
a thin layer of moisture from per- 
spiration. Perspiration helps also to 
protect the body against bacteria. 
Bacteria that stick to the moist skin 
are removed when you bathe. You 
wash away many of the bacteria with 
soap and warm water. 

What about the inside of your 
body? How is it protected? There, 
too, you will find cells that hold the 
line of defense against bacteria. The 
covering cells line the inside cavities 
of the body. These areas could be 
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reached easily by infectious bacteria, 
but the protective cells have an extra 
way to defend the body. You can in- 
vestigate this personally. 

Wash your hands until they are 
quite clean and feel the inside of your 
cheek. The covering cells inside your 
mouth are moistened with saliva—a 
substance containing much water and 
a sticky fluid. That sticky fluid is 
important. 

These covering cells inside the body 
have another kind of moistness from 
a substance called mucus (myoo’kas ). 
as shown in the picture. Mucus is 
secreted from the cells which line 
certain cavities inside the body, such 
as the mouth, throat, nose, food tube. 
and tubes which lead to the lungs. 
When a substance is produced inside 
the cells and used outside the cells, 
We say it is secreted by the cells. 

Some covering cells secrete mucus 
which forms a protective coating. 
Certain other cells secrete other sub- 
stances, such as the digestive juices. 
Digestive juices kill many bacteria 
that are swallowed with our food. 


layer of 
mucus 


mucus- 
Producing = fh f K 
cells A à 


How does mucus help defend the 
body against bacteria? If you were to 
shake some ground pepper on a moist 
plate, the idea would be clearer to 
you. Just as pepper sticks to the film 
of water on the plate, the bacteria 
stick to the mucus. Does this help to 
explain what happens to bacteria 
which get into your nose and throat? 

Do you ever sneeze or cough? 
Sneezing and coughing are reflexes 
that help get rid of bacteria. When 
you breathe, bacteria and other harm- 
ful substances are caught in the mu- 
cus of the nose and throat. They are 
removed from the body by sneezing 
and coughing. 

If you were to use a microscope to 
look at the cells which line the wall 
of the windpipe, you would see spe- 
cial kinds of cells like the ones in the 
picture. @ These cells have tiny hair- 
like parts, called cilia (sil’é-0). The 
cilia move the way oars move when 
you row a boat. They push bacteria 
that are caught in the mucus back up 
into the throat. Then a sneeze or a 
cough sends them out of the body. 
This should explain why you should 
use a handkerchief when you sneeze 
or cough. 


Getting Rid of Bacteria 

You breathe in bacteria. You swal- 
low them with your food; but it is 
hard for them to get past the cells that 
line the inside of your body. There 
are lining cells that secrete mucus to 
catch the bacteria. Cells lining yOu" 
windpipe have cilia which push bac 


the bacteria. Then, of course, sneez- 
ing and coughing, two reflexes, help 
to throw many of the invading bac- 
teria out of your body. 

But suppose the skin, the mucus, 
and your body reflexes fail to get rid 
of the bacteria. What then? 

Suppose bacteria get past the wind- 
pipe and into the stomach. What pro- 
tection do you have? The investiga- 
tion on the next page will help you to 
find the answer to that question. Be 
sure to control all the variables. 

Sometimes you may scrape or cut 
yourself and break the skin. This gives 
the bacteria a chance to get past the 
first line of defense. Suppose you do 
not wash the cut thoroughly with soap 
and water. Suppose you do not use 
an antiseptic (an’ta-sep’tik). Antisep- 
tics are substances that stop the ac- 
tion of bacteria or kill them com- 
pletely. What happens to the cut? 
What can you do about infection? 
What can your body do? 
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AN INVESTIGATION into What Happens to Bacteria 
in the Stomach 
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Needed: weak hydrochloric acid; gelatin 
for growing bacteria (such as you 
made on page 101); four dishes 


Stomach cells secrete a digestive juice 
that contains an acid. It contains weak 
hydrochloric acid (hi’dra-klér’ik asid), 
a solution of hydrogen chloride. 

Make enough of the gelatin mixture to 
pour about an inch into each of the four 
dishes. When the gelatin has con- 
gealed in each dish, put a quarter inch 
of water over the top of the gelatin. Add 
ten drops of weak hydrochloric acid, 
which your teacher will give you, to two 
of the dishes; add ten drops of water to 
the other two dishes.m These are the 
controls. You can use them to compare 
your results, 

Now let the bacteria grow. Cover the 
dishes and put them in a warm place, a 
closet perhaps.@ In which dishes do 
you expect to find large colonies? A 
In the ones with acid? 

What do you find? (If your results are 
not as you expected, what might be the 
explanation?) 


Were all the variables controlled? 


Fighting Infection . 
A cut that becomes infected is white 
or yellowish in color, in addition to be- 
ing surrounded by an inflamed red 
area. What gives an infected cut its 
color? l 
Under the microscope, the material 
in an infected cut looks like that 
shown in the picture. ™ Notice the 
tiny bunches of black dots. These are 


a special kind of bacteria, which cause 
many common infections and can be 
very resistant to treatment. The name 
for this bacterium is Staphylococcus 
(staf’a-l6-kok’as ), staph, for short. Re- 
call that all ball-shaped bacteria are 
called cocci. 

The larger cells in the picture are 
special ones that are found in the 
blood, the white blood cells. They 
are easy to recognize in a drop of 
blood when viewed through a micro- 
scope. They move in a strange way. 
They move by extending what are 
called false feet, but which are really 
more like false fingers. 

Look at the pictures of a white 
blood cell that were made using a 
camera attached to a microscope. ® A 
It was photographed as it was mov- 
ing. It seems as if a white blood cell 
extends a part of itself as a kind of 
finger in one direction, and another 
part of itself as a second finger in 
another direction. The white cell 
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moves along in this manner and sur- 
rounds the bacteria. The bacteria are 
absorbed into the body of the white 
blood cell. 

The pictures show how a white cell 
takes in bacteria. ™ © When it does 
so, the white cell engulfs, or sur- 
rounds, the bacteria with its body and 
then digests them. The bacteria are 
destroyed. + 

Sometimes it is possible to prevent 
harmful bacteria from entering the 
blood through an Open cut. What can 
you do to keep bacteria out? 

What should you do when you cut 
yourself? Wash the wound with soap 
and water, of course. Doctors rec- 
ommend washing the cut carefully 
and, perhaps, adding a drop or two of 
antiseptic. (Whenever it is possible, 


show the cut to your parents or your 
teacher bef 


ore treating it yourself.) 
Your doctor or your school nurse can 
give you the names of some good anti- 
septics. 

What does an antiseptic really do? 


o find out try the investigation on 
the opposite page. 


When Body Defenses Fail 


Suppose you do 
use an antise 
the antisepti 


not wash a cut or 
ptic in time or suppose 
c does not work. 

Suppose the white blood cells are 


AN INVESTIGATION into How to Keep Bacteria from Growing 


Needed: a few flat dishes (Petri dishes); 
some antiseptics, such as Isodine 
(your druggist can supply several 
different kinds of antiseptics); food- 
gelatin mixture (p. 101) 


Pour the food-gelatin mixture into the 
dishes. Allow it to cool (exposed to the 
air) for several hours as you did in the 
investigation on page 101. To one dish, 
add enough water (boiled and then 
cooled) to cover about half of the gela- 
tin. This first dish is your control. All of 
the others should test for one variable 
each. They can be compared to the 
control. 

Add a few drops of a different anti- 
septic to one of each of the other 
dishes. mm With the boiled water, cover 
the gelatin in each dish about halfway 
to the top of the dish, as you did before. 
Place all the dishes in a warm place. 

What is the result after one day? after 
two days? after several days? 

Did you get the results shown in the 
Pictures?@ A 

Most microorganisms do not grow 
when an antiseptic is used on them. The 
same thing happens when an antiseptic 
is applied to a cut. 


115 


BEFORE 
YOU GO ON 


USING WHAT 


116 


YOU KNOW 


A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. The first line of defense that the body has against infec- 
tious bacteria is the 


a. skin cells b. blood cells 

2. The covering cells inside the body produce and secrete 
a fluid called 
a. mucus b. Staphylococci 

3. In the stomach, a defense against bacteria is 
a. acid b. food 

4. Which one of these reflexes helps to get rid of bacteria? 
a. yawning b. sneezing 


5. When the skin is broken, we 
infection by applying 
a. enzymes 


can defend the body against 


b. antiseptics 
6. In the blood, the cells whi 


ch destroy bacteria are the 
a. red cells 


b. white cells 


1. Why is it important to keep the skin clean? 


2. Why is it important 


to wash 
soap and water? 


a bruise clean with mild 


3. Why is mucus more effective than water in catching 
bacteria? 


5. In what Ways are mol 


ON YOUR OWN A. Design an experiment that will answer the following 


questions: 

Do antiseptics destroy molds? 

How can you be sure that the mold would not die even 
without the antiseptic? 

How can you be sure that it is the antiseptic that keeps the 


mold from growing? 
Crow some bread mold, as you did on page 105. Then 


design an investigation to determine whether an antiseptic 
(one of the iodine products, for example) will kill the mold. 


You may want to ge 


t samples of some of the many advertised 


brands of antiseptics and mouth washes to find out how ef- 


fective they are. Design your experiment so that all of the 


variables are controlled. 
a copy of the American Red Cross First Aid Textbook 


B. Get 


and study it carefully. 


injuries. 


4. Molds to the Rescue 


In the year 1928, one day began 
like any other day, but it did not end 
that way. It became a “red letter” day 
for Dr. Alexander Fleming (Jater 
knighted as Sir Alexander Fleming). 


He had gone to work in his labora- 
tory. Sir Alexander was 4 pbacteriolo- 
Bacteriolo- 


gist (bak-tir’é.ol’ a-jist )- 5 
gists study the structure and behavior 
of bacteria. 

He grew colonie 
much the same way as you grew them 


in the investigation on pase 101. As a 
olate pure 


lony 


s of bacteria in 


contains only one kind o 
That is, he tried to study only one 
kind of bacterium at a time, perhaps 


Find the best methods for treating 


a kind that caused a certain disease, 
for instance. To do this, he used 
a special type of broth or gelatin 
which he put into a culture dish. 
He had to work with great care to 
keep all other organisms, except the 
kind he was studying, out of the dish. 
Sometimes, no matter how careful he 
was, organisms that did not interest 
him got into the dishes. Many of these 
unwelcome visitors were molds. 

Several days before this special day 
in 1928, Dr. Fleming opened the lids 
of some culture dishes containing a 
certain kind of bacterium. He pre- 
pared a slide with some of the bac- 
teria to observe with the microscope. 
For a few moments while he prepared 
the slide, the gelatin mixture in the 
dishes was exposed to the air. 
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When Dr. Fleming examined 
another sample of bacteria later, on 
this special day in 1928, he became 
very curious. One of the culture dishes 
had a growth of Penicillium (pen’o- 
sil’é-om), a bluish-green mold: but 
the thing that Dr. Fleming became 
excited about was this: Around the 
growth of mold there was a clear 
space. Almost no bacteria grew in this 
space. Why? 

For a long time, scientists had 
suspected that some plants secrete 
substances that can be used to kill 
bacteria in the human body. This was 
an exciting idea: that some plants can 
secrete substances that can be used 
against other plants like bacteri 
Alexander’s observation of the growth 
of Penicillium (a plant) and the clear 
space around it led him to wonder 
whether Penicillium was producing 
such a substance, 

Dr. Fleming observed that the Peni- 
cillium mold seemed to make a sub- 
stance that destroyed bacteria, He 
found it easy to grow Penicillium: it 
is also easy to grow bacteria, He 
should find it easy to test his idea. 
How could he prove that Penicillium 
produces a substance that kills cer- 
tain kinds of bacteria? How could he 
prove that such a substan 
harm the human body? 


a. Sir 


ce would not 


Sir Alexander’s Investigation 

It is important to know what Sir 
Alexander did not do, as well as what 
he did do. He did not take his first 
observation as proof that Pe 
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nicillium 


produced a substance which stopped 
the growth of bacteria. He did not 
come to a conclusion from only one 
observation, 

Recall the situation: One day in 
1928, Sir Alexander Fleming observed 
what had happened to some of his 
colonies of bacteria. He saw the mold 
Penicillium growing in one of his 
dishes; and there was a clear ring 
around the mold. Almost no bacteria 
were growing in that clear ring. 

Sir Alexander made a sketch of the 
dish, and wrote down his observation. 
He must have hoped that his interpre- 
tation of what he saw was correct, be- 
cause if what he saw were true, it 
would have Sreat usefulness. Any man 
would have been excited at such a 
Breat discovery, 

Whatever he might have thought, 
Sir Alexander decided to try to find 
out whether or not Penicillium pro- 
duces a substance whicl 
tain kinds of bacteria. He set about 
designing an experiment. 

The experiment is a great tool of 
the scientist. In an experiment, the 

i es to set up the conditions 
ratory in such a way that 
happens. Out- 


h destroys cer- 


in the labo 
he c 


side, there 


may not yield the 
‘ts; it may only indicate 
ther experiments. 


different 
kinds 

of bacteria 

in rows 


colonies of 
bacteria 
(staphylococcus) 


colony of 
penicillium 
mold 


with a working 
ad seen. He 
ark,” as we 


Fleming started 
idea based on what he h 
was not working in the “d 
say. A working idea that helps a sci- 
entist plan, or design, an experiment 
is called a hypothesis (hi-poth’ a-sis ). 
Fleming's hypothesis may have been: 
Penicillium produces a substance 
which destroys some kinds of bacteria. 
The experiment I need to design 
should provide conditions that show, 
without doubt, that certain bacteria 
do not grow where Penicillium grows. 

His experiment was therefore de- 
signed to: m 

l. Grow different kinds of bacteria 
in pure culture in lines on plates. 

2. Grow Penicillium in pure culture. 

3. Introduce Penicillium on one 
side of the plate at one end of eac 


colony of 
penicillium 
mold 


no penicillium 
on this side of 
dish (control) 


line of bacteria. Do this on 100—or 
perhaps even 1,000 plates; one in- 
vestigation is not enough. 

4. Do not place Penicillium on the 
other end of each line of bacteria. 
This is the control. In a control, the 
thing the scientist wants to study is 
usually left out. 

5. Allow the bacteria to grow in ex- 
actly the same surroundings, except 
that some bacteria are near the Peni- 
cillium, and others are not. 

If Dr. Flemings hypothesis was 
correct, and if his experiment was 
designed correctly, then: 

1. The bacteria in contact with the 
Penicillium should not grow. 

2. At the ends of the rows of bac- 
teria where there was no Penicillium 
growing, the bacteria should grow, 
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This is exactly the result Sir Alex- 
ander Fleming found in some of the 
rows. He repeated the experiment in 
many different ways and at many dif- 
ferent times. He kept careful writ- 
ten records and photographed his 
results. Other scientists repeated his 
experiment. 

He finally was able to show con- 
clusively that Penicillium does pro- 
duce a substance which destroys cer- 
tain kinds of dangerous bacteria. He 
also performed other experiments 
that showed that penicillin (the sub- 
stance derived from Penicillium) was 
not harmful to higher animals. 

Other scientists, before Sir Alex- 
ander, had suspected that molds pro- 
duced such substances. Some had 
even written about their ideas: but 
Sir Alexander designed the experi- 
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ment which proved that these sub- 
stances secreted by molds would de- 
stroy certain bacteria. 


A Successful Experiment 

When Sir Alexander Fleming 
proved that Penicillium produces a 
substance that kills some kinds of bac- 
teria, he called it penicillin. He also 
found, by injecting it into animals, 
that penicillin is generally harmless 
to higher animals; but it took many 
years and the help of many scientists 
to find a way to produce large 
amounts at a reasonable cost. 

Penicillin kills many kinds of harm- 
ful bacteria. Should your body, with 
its natural defenses, be unable to 
throw off any of these kinds of bac- 
teria, your doctor may give you peni- 
cillin to help control them. 


Two other scientists, Dr. Howard 
Florey and Dr. Ernst Chain, aided Dr. 
Fleming; they found a way to purify 
penicillin to make it safe for man to 
use. For their great contribution, the 
three scientists were awarded the 
Nobel prize. The Nobel prize is per- 
haps the greatest prize that scientists 
can receive for their work—except, 
perhaps, the personal satisfaction 
which they get from doing the work. 

Penicillin, however, is not effective 
against all kinds of bacteria, so the 
search for other beneficial molds be- 
gan. Soon Dr. Selman Waksman, an 
American scientist, extracted another 
substance from a mold.e He called 
it streptomycin (strep’to-mi’sin). 
It is more effective for killing certain 
types of bacteria than is penicillin. 


That is especially true when strepto- 
mycin is used to destroy the bacteria 
that cause tuberculosis. 

Today there are many different 
substances extracted from molds 
which help kill bacteria. These sub- 
stances are called antibiotics (an’ti-bi- 
otiks). Antibiotics are not the same 
as antiseptics. Antibiotics are chemi- 
cal substances which are secreted by 
living things. Many diseases and com- 
mon infections are now being con- 
quered by antibiotics. A 

Scientists have discovered how to 
make the body a poor environment 
for bacteria by introducing antibi- 
otics. Because of the work of scien- 
tists like Sir Alexander Fleming, it is 
very likely that you will live longer 
than your ancestors did. 


SOME COMMON ANTIBIOTICS 


and throat infections, bone infections, pneumonia, 


Achromycin ER i meningitis, undulant fever 
Aureomycin virus pneumonia, typhus fever, Rocky Mountain spotted fever 
Gorormeem PATEE Teven 1AB et Mteratand u dianes 
Erythromycin . — Certain diseases suchas typhus, virus diseases, and others 
2 . H . re + 
penio © Preumonia, cl os Rd rary more bacterial diseases > 


Tuberculosis, rabbit fever 
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Your Own Investigation 

Sir Alexander Fleming wondered 
why there was a clear area around a 
mold. Because he was a trained sci- 
entist, he not only wondered, but took 
the question to the laboratory. There 
he worked very long and very 
patiently, until he had the evidence 
he was looking for. In planning your 
investigation into what diastase does 


BEFORE 
YOU GO ON 


section. 


l. Sir Alexander Flemin 


a. antiseptic 


A. Study the statements belo 
sponses. They will hel 


(suggested on p. 107), did you have a 
hypothesis? and a control? 

Did you begin to design your ex- 
periment around a clearly stated hy- 
pothesis? Sir Alexander’s was: Peni- 
cillium produces a substance which 
destroys some kinds of bacteria. What 
was your hypothesis? 

How close was the plan of your ex- 
periment to that of Sir Alexander’s? 


w and choose the correct re- 
P you fix in mind the concepts of this 


g discovered an 


b. antibiotic 


2. Penicillin is produced by 


a. a plant 


b. an animal 


3. Penicillin was first tested on 


a. men and women 


4, 


a. control the 
conditions 


an experiment is his 
a. hypothesis 


a. proof 


7. Before scientists accept the resy 


experiment is 


a. repeated many times 
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In designing his investigation, Fle 
periment. In an experiment a 


b. rabbits 


ming planned an ex- 
Scientist tries to 


b. let many things 
happen 


b. control 


lt of an experiment, the 


b. published 


USING WHAT 


` 8. Like penicillin, streptomycin is an 
a. antibiotic b. antiseptic 


B. Write several paragraphs on one of these topics: 


Sir Alexander Fleming Penicillin 
The Importance of a Controlled Experiment 


1. Iodine has been used for many years as an antiseptic 


YOU KNOW that quickly kills bacteria. With antiseptics available, why did 


ON YOUR OWN 


scientists find it necessary to search for antibiotics? 


2, A girl found some green mold growing on a piece of 
bread. She wanted to find out whether the green mold grew 
best in a moist or a dry environment. She divided the piece 
of bread so that there was about the same amount of mold on 
each piece. Then she put one piece of bread in a moist environ- 
ment, the other in a dry environment. Both of the pieces had 
a good growth of mold. Was she justified in reaching the con- 
clusion that bread mold grows equally well in both a moist 


and a dry environment? 


There are a good number of antibiotics in use today. You 
ow a little about penicillin and streptomycin. 


Do some additional research in the library to find the an- 
his question: Which antibiotics are used against the 
findings in a table, as shown. E 


kn 


swer to t 
major diseases? Put your 


5. Another Battle: 
Another Victory 


The enemy in this story is a virus 
(vi’ras), not a bacterium. Viruses are 
still another type of invisible killer. 
A virus is even smaller than a bac- 
terium, as the picture shows. m Some 
viruses are so small that they can live 
inside bacteria, in somewhat the same 
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way that bacteria can live inside 
people. You can see most bacteria 
under a good ordinary microscope; 
but viruses are so small that they had 
never been seen until a special kind of 
microscope, an electron microscope, 
was invented. 

Joseph Meister, whom you read 
about on page 99, was suffering from 
a virus. Rabies is caused by one of 
many viruses. 

Among the many different kinds of 
viruses are those that can cause in- 
fluenza.® Many viruses look like tiny 
spheres, as shown in the pictures. 


Polio Virus—The Enemy 

This time the enemy is the virus 
which causes infantile paralysis (in’- 
fon-til po-ral’ asis), or polio (pd’- 
1é.6), as the disease is called. Look at 
a picture of the villain. A 

What does the polio virus do? First 
of all, it multiplies. Second, in large 


numbers, it attacks the nerves which 


lead to the muscles. The nerves carry 
impulses to the muscles from the 
brain and spinal cord. When the 
nerves are affected so that impulses do 
not reach the muscles, the muscles 
cannot move. The picture shows a 
healthy nerve cell and one which has 
been attacked by the polio virus. ¢ 
The polio virus thus strikes at the 
nervous system. The result is that the 
muscles cannot function properly. 
When the muscles do not function 
or are paralyzed, they become useless. 
The virus attacks young people as 
well as adults, Franklin Delano Roo- 
sevelt, a former President of the 
United States (1933-45), was crip- 
pled by polio when he was @ young 
man. He fulfilled his duties as Presi- 
dent in a wheelchair. 

Sometimes the vir 
nerve cells leading to the leg muscles. 
Sometimes it attacks nerves leading 
to the muscles which control breath- 
ing. Then the victim must be placed 
in an iron lung% The iron lung 
serves as an artificial means of breath- 
ing; the change in air pressure 1S reg- 
ulated by a kind of pumping action. 
It causes the victim’s ribs and lungs 
to expand and contract—to take in air 
and to push out air. ; 

Polio is now on the way out It will 
go down in history as another disease 
which is no longer a menace to ma 
another example of man’s control o 
his environment. 

The virus of smallpox and th 
terium of diphtheria belong ™ 
same category. They can be kep 


us attacks the 


the bac- 
e 
t 


nerve cell injured 
by polio virus 


healthy nerve cell 


there only with your help, the help of 
your parents, and the help of depart- 
ments of public health. 

Why is this so? Read on to see how 
scientists battle a disease like polio. 


* 
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The Battle Against Polio 
What happens when bacteria or 
viruses invade your body? They at- 
tack in weak moments (when your 
resistance is low) or in weak places 
(where a break occurs in the lines of 
defense). They must get through your 
first lines of defense, the skin, the film 
of mucus, and the digestive juices in 
your stomach. If the bacteria or 
viruses get through your skin, then 
the white blood cells attack them; but 
suppose all these fail. What then? 
There is, of course, the chemical de- 
fense of antibiotics; but that is not all. 
There is still another chemical de- 
fense which scientists have developed 
to help your body fight disease. 

Do you remember being vaccinated 
(vak’sa-nated) for smallpox? Prob- 
ably not. Most children are vaccinated 
against smallpox, a virus disease, 
when they are very young. 

What does the doctor do when he 
vaccinates against smallpox? He 
breaks the skin on your arm or leg; 
then he introduces a bit of cow- 
pox virus into the break. The body 
reacts to the cowpox virus by pro- 
ducing substances called antibod- 
ies (an’ti-bod’éz). Antibodies then 
destroy the cowpox virus. The anti- 
bodies remain in the blood; and be- 
cause the cowpox virus is very similar 
to the smallpox virus, the antibodies 
also destroy smallpox viruses. The 
illustration shows an artist’s view of 
the conquest of disease. Of course 

you know that antibodies cannot be 
seen. F 
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Do not confuse antibodies with an- 
tibiotics. Antibiotics are substances 
produced by molds; they are chemi- 
cal substances made outside the 
human body but used within to 
fight some kinds of organisms. Anti- 
bodies are produced by cells in the 
human body. When your body makes 
antibodies to combat a disease, you 
are said to be immune (imydon’) to 
that disease. This means that the en- 
vironment is unfavorable for the 
growth of the viruses or bacteria that 
cause the disease. They cannot live 
when the antibodies are present. Anti- 
bodies are specific; that means that a 
different type of antibody is usually 
needed to fight each different kind of 
disease. Antibodies are formed in the 
body of a person who has had a dis- 
ease. After the person recovers from 
the disease, the antibodies usually re- 
main in the blood. Then we say the 
person has developed immunity 
against that particular disease, or say 
he is immune to the disease. 

A person who has had typhoid, and 
recovered, has the antibodies against 
typhoid in his blood. He is immune to 
typhoid. If typhoid bacteria enter his 
body again, the typhoid antibodies 
destroy them. He does not get typhoid 
again. This is called natural immu- 
nity. The same is true of smallpox; but 
having a disease to achieve immunity 
is too dangerous, It may even be fatal. 

Vaccination is a safer way to pro- 
duce immunity, Vaccination against 
smallpox stimulates the body to pro- 
duce the antibodies to smallpox. After 


E| VACCINATION PROTECTS US FROM SMALLPOX 


Ng 
SS 


harmless cowpox viruses 
are placed under the skin 


© the antibodies kill @ the antibodies 
stay in the blood 


all the cowpox viruses. 
the blister goes away 


this, the viruses of smallpox which 
may enter your body are destroyed by 
the antibodies. You are then immune 
to smallpox. This is called acquired 
immunity. 

The scientist is faced wit 
lem of finding a way to give #1 i 
enough of the disease-producing 0” 
ganisms for his body to produce anti- 
bodies; without giving him enough 
so that he gets the disease. Usually, 
Weakened or dead microorganisms of 
a specific disease are injected in small 
doses into a person. 


h the prob- 
e a person 


Recall that the serum given a9) 
Jos eph Meister by Pasteur (DAR e 


already contained antibodies. 


W 


they cause a 
blister to develop 


a A R ak . 


4, 4 


® the body fights the virus 
by making antibodies 


yo 


xio 


@ later... if smallpox viruses 
enter the body antibodies 
will kill them immediately 


serum came from the spines of rabbits 
that were infected with rabies. It 
contained antibodies that were pro- 
duced in the rabbits as they fought 
the disease. The antibodies in the 
rabbits’ serum saved Meister’s life. 

Many scientists fought in the bat- 
tle against polio, but three men led 
the fight. To win the battle, it was 
necessary to produce a vaccine (vak’- 
sén). The first step advanced when 
Dr. John Enders learned how to grow 
the polio virus outside a living orga- 
nism. He was then able to study its 
development. He found that a virus 
becomes weaker if it is grown under 
certain conditions. 
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As a beginning in making polio vac- 
cine, Jonas Salk looked for a way to 
weaken the polio virus so that it could 
be injected into the body without 
causing illness. If strong polio viruses 
were injected into the body, the per- 


son might get the disease. Finally, 
after many years, Dr. Salk discov- 
ered that even when the dead virus 
was injected into the body, the body 
responded by producing antibodies 
against polio. Many careful tests were 
made; the Salk vaccine was success- 
ful. E Polio was on its way out. 

The Salk vaccine requires injections 
by a doctor; but another vaccine, 
produced by Dr. Albert Sabin and 
his team of scientists, can be taken 
by mouth. The Sabin vaccine con- 
tains weakened live viruses. Both 
types of vaccine, the Salk and the 
Sabin, have been thoroughly tested. 
Both are completely safe. Both en- 
able the body to develop antibodies 
in the cells. You have probably taken 
the Salk or the Sabin vaccine. If so, 
you have antibodies which will kill 
polio viruses that get into your body. 
You are immune to polio. 

Only half the battle is won in the 
aboratory, How can the battle 
against polio virus, or any other germ, 

e won for all time? First, scientists 
and doctors fight the battle in the 
laboratory. The concepts of science 
are used in the development of an 
antibiotic or an antibody, but this is 
not enough, Everyone must cooper- 
ate. For instance, once a vaccine has 
been tested and found safe, the bat- 


tle is up to us; we must make use of 
the vaccine. 


In the fi 
all do wha 
are doing: 
cine, © Hav. 


ght against polio, we must 
t the people in the picture 
We should take the vac- 
e you taken it? 


A Record of Victories 

Look at the table below. Study it 
carefully; it tells an important story. A 
The scientists, whose names are listed, 
worked long and hard. Because they 
did, the bacteria and viruses that are 
listed in the table can be controlled. 
The diseases they cause can be con- 
trolled by substances that are pro- 
duced in your body. You develop im- 
munity, Notice how little space the 
table takes; but it represents the work 
of many people over a long period of 
time. What will be next on the list? 


S 


avoiding } 
contaminated milk 


and water 


control of mosquito 
found to spread 
the disease 


avoiding contaminated 
water and foo! 


vaccination with antibodies 


from rabbits 
inoculation with antibodies 
from immune animals 


control of mosquito 
that spreads the disease 


destroying 
that spread 


vaccination with weakened 
orkilled polio virus 


rats which carrie 
the bacteria 


d fleas 


Study the table again. How long 
did it take to bring these diseases 
under control? 

The table tells another very im- 
portant story. It tells how man, as a 
scientist, has learned to control an- 
other area of his environment. He is 
able to control many of the invisible 
organisms which would otherwise 
make him ill or cause death. He used 
his ideas; but he also needed such 
tools as compound and electron mi- 
croscopes—another example of the 
partnership of science and technology. 


OME DISEASE GERMS WE CAN CONTROL 


Edward Jenner 


William Budd 1856 
C. J. Eberth 1880 
G. Gaffky aed 


Carlos Finlay 1681 
Walter Reed 1500 
and others 

Robert Koch 1883 
Louis Pasteur 1885 


Emil von Behring 1890 
Ronald Ross _ 1898 
Battista Grassi 

Plague Research 1905 
Commission, India 

John Enders 1 
Jonas Salk ioe 
Albert Sabin 1960 


BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 


ON YOUR OWN 
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A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. Substances produced by an animal inside its body that 
can destroy bacteria or viruses that get into the body are 


a. antibiotics b. antibodies 


2. If a person is vaccinated with the cowpox virus, his body 
produces substances which can destroy 


a. the smallpox virus b. typhoid bacteria 


3. The serum given to Joseph Meister contained 


a. antiseptics b. antibodies 


4. Jonas Salk proceeded with the w 
Enders to combat 


a. polio 


ork begun by John 


b. tuberculosis 
5. The difference between the Salk and § 
that the Sabin vaccine uses 
a. weakened, live 
viruses 


abin vaccines is 


b. dead viruses 


B. Write several paragraphs on this topic: Antibodies. 


1. What are the differences in these three defenses against 


bacteria: 
antiseptics antibiotics antibodies 
2. What is the difference between natural immunity and 
acquired immunity? 


1. Do some investigatin 
can about the lives of 


—Louis Pasteur —Albert Sabin 
—Jonas Salk 


gin the library. Find out what you 


2. What kind of polio vaccine is used in your town? 


6. Health—A Public Concern 


You drink water every day with 
no concern about getting diseases 
from bacteria in the water. Yet, there 
was a time when cholera (kol’ar-a) 
and typhoid, two diseases which are 
carried by water, killed many people. 

You drink milk without the slight- 
est worry. Yet, milk was once the 
carrier of many diseases, among them 
tuberculosis. Today, it would be un- 
usual to find diseases spread by milk; 
milk is safe to drink. 

Safe drinking water and pasteur- 
ized milk are things we take for 
granted. Who is responsible for your 
protection, and how? 

You turn a faucet and water pours 
out. Where does the water come from, 
and how do most cities make sure 
the water is safe to drink? 

The glass of water you drink prob- 
ably came from a cloud. When the 


SRS 


L 


EN 
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water vapor in a cloud condenses, it 
falls to earth as raindrops and finally 
reaches a stream. The stream may 
lead to a reservoir (rez’ar-vwor). 
Reservoirs are large lakes used for 
storing water. Water used by most 
large cities collects in reservoirs. 

A reservoir should be located in 
clean surroundings, away from the 
city, where the water is not contami- 
nated with wastes from factories, gar- 
bage, and sewage. Why is it important 
for the reservoir shown in the illustra- 
tion to be fenced in? B 

Even under the best conditions, 
however, lake water or river water is 
not free from harmful microorganisms. 
As water flows along the ground, it 
can pick up many impurities. Water 
can pick up all kinds of bacteria and 
other organisms from its surround- 
ings. How can it be purified so that it 
is fit to drink? How can harmful bac- 
teria be removed or destroyed? 


Water can be made safe to drink by 
boiling it for ten minutes. Of course, 
you could boil all your drinking wa- 
ter; but would everyone in a city do 
it? Is there another way to rid drink- 
ing water of harmful microorganisms? 

There are several ways to make 
water fit to drink. One method that 
helps to remove germs is called filtra- 
tion (fil-tra’shon). In many cities the 
water flows through a filtering plant 
before it gets to the faucet. In the 
filtering plant the water passes 

through layers of sand and gravel. 
As the picture shows, much of the 
dirt in the water does not pass 
through. Œ The particles are too large 
to go through the layers of fine sand. 
Since bacteria frequently cling to 
particles of dirt, many of them do not 
pass through the filter either. They 


remain behind with the particles of 
mud or dirt. 


a 
impure water enters 


filtered water collector 
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Purifying Water for a Big City 

A filter can remove many, but not 
all, of the microorganisms from the 
water supply. Some smaller bacteria 
and viruses pass right through. What 
can be done to stop them from get- 
ting through the filter and into your 
drinking water? 

The bacteria can be killed by some 
substances. In many places a chemi- 
cal is added to the water. This may 
be chlorine gas, which is added in 
small amounts. Chlorine kills bac- 
teria and other microorganisms. In 
large amounts, chlorine gas is poison- 
ous to people; however, the small 
quantity needed to kill most microor- 
ganisms is harmless to us. The picture 
shows the chlorination apparatus used 
for purifying water, The gas is added 
as the water flows past the gas jet in 
the pipe.© The amount of chlorine 
used is regulated very carefully. 


concrete 


Water flowing out 


chlorine 
gas 


E O 


Sometimes other substances, such 
as sodium hypochlorite (sō’dē-əm 
hi’pa-klér’it), are used to purify wa- 
ter, instead of chlorine gas. Sub- 
stances, such as chlorine and sodium 
hypochlorite, can make the water a 
poor place for bacteria to live. See 
this for yourself by doing the inves- 
tigation on the next page. 


Safe Drinking Water l 

Your glass of water starts in the 
clouds. It falls as rain and is gath- 
ered in the watershed. A watershed 
includes all the streams that run into 
a lake or reservoir. Your glass of wa- 


ter finds its way into the ier’ 
Sooner or later, most of the dirt set- 
clear. If the 


tles and the water is 4 
water is not clear, it may be filtere 

in order to rid it of soil particles and 
some bacteria. Clear water, however, 
may not be completely free from bac- 
teria; so it must be treated with a? 
stances, such as chlorine, to rid it of 


harmful bacteria. The glass of water 
you finally get is fit to drink. 


Water on a Farm 

In the city, the turn of a faucet 
brings you water. The water is pumped 
in from a reservoir. On a farm, the turn 
of a faucet brings you water, but the 
water is often pumped into the house 
from a well. A well is really a kind of 
reservoir under the ground. Where 
does the water in a well come from? 
How does it get into the well? 

Have you ever dug a hole in the 
sand near the seashore? Or in the soil 
near the shore of a lake? Soon the 
hole fills with water. A 


A 
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AN INVESTIGATION into Purifying Water with Chemicals 
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Needed: a microscope; a culture of 
some microorganisms (see below); 
some chlorine bleach (sodium hy- 
pochlorite); medicine droppers; 
and microscope slides. WARNING; 
BLEACH IS A POISON. KEEP IT 
AWAY FROM YOUR MOUTH AND 
SKIN. 


First, prepare a culture of microorga- 
nisms. Obtain several pint jars of pond 
water, each from a different place. 
Crumble a piece of yolk (about the size 
of a pea) from a hard-boiled egg into 
each of the jars of pond water. Keep 
the jars away from the sun, but keep 
them in a warm (but not hot) place. 
After a few days or a week or two, the 
culture will probably swarm with tiny 
bacteria and other microorganisms. Use 
the culture for your investigation. 


134 


Examine several samples of the cul- 
ture under the microscope until you find 
one containing a large number of living 
microorganisms. m As you watch them 
moving under the microscope, add aâ 
drop of liquid bleach to the water on the 
slide.@ How long does it take the 
bleach (sodium hypochlorite) to kill all 
the organisms you see? 

Investigate further to find out haw 
much bleach is really necessary to kill 


the bacteria (or other organisms) in 4 
drop of water, 


Additional Investigation: Perhaps you 
have been on a hike. Did you get water 
for drinking from streams or mountain 
lakes? Today hike leaders carry Hala- 
zone pills, which are dissolved in the 
Water before it is used. Investigate tO 
find out how effective they are. 


On a farm, a well may be dug 
where the ground has water in it. 
The well may be lined with rocks or 
concrete. Some modern wells are 
simply a long pipe connected to a 
point that is forced into the ground, 
as shown. E To get into the well, the 
water must soak through the soil; 
thus, the water is filtered naturally 
by the soil. This filtering is often all 
that is needed to remove small par- 
ticles and to keep out bacteria and 
other impurities. 

It is important t 
dug far from a barn or past 
mal wastes, garbage, and sewage are 
fine places for bacteria to grow; but 
they make the water unfit to drink. 
Which farm well shown in the illustra- 
tion is in the best location? 

When there is not enough water 
near the surface, a well is driven deep 
into the layers of rock in order to get 


hat the well be 
ure. Ani- 


water. Wells driven through porous 
rock found deep in the ground usu- 
ally supply water that is safe to use. 
By the time the water has filtered 
through rock to such a depth, most of 
the impurities have been removed. 


pump house 


If the water is not clear, if it is even 
a bit cloudy, it is best to boil it. Boil- 
ing for ten minutes will kill most bac- 
teria. Well water must be tested often 
for bacteria. 

When necessary, well water can be 
chlorinated by using a small device 
for adding chlorine gas to the water 
as it comes from a farm well. Chlorine 
is a purifier. 


Health—A Personal Concern 

Keeping well depends a great deal 
on you and your family. Ask yourself 
these questions. If your answer is 
“yes” to each of them, you are help- 
ing to keep dangerous bacteria out 
of your body and away from your 
friends, 

1. Do I wash my hands before every 
meal? 

2. Do I bathe regularly to keep my 
body clean? 

3. Do I brush my teeth at least after 

breakfast and after dinner? 

- Do I keep my nails cut and clean? 
- Do I wash my hair at least once 

a week? 

6. Do I always wash my hands after 
going to the bathroom? 

7. Do I get proper care for cuts and 
bruises? 

8. Do I show my teacher or parents 
a cut that is bleeding? 

9. If I have a cold, do I stay away 
from other people until the cold 
is under control? 

10. Do I stay away from people who 
have colds or other c 
(kon-ta’jos) diseases? 


tA 


ontagious 
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You should answer “yes” to all the 
questions and know the reasons why. 
If you said “no” to any question, plan 
to practice doing that one thing until 
you do it almost without thinking. 

Up to now, your health has been 
the concern of your parents. They 
have planned your diet, attended to 
your aches and pains, and been con- 
cerned with your growth. They are 
the ones who have seen that you had 
regular medical and dental checkups. 
Your school, too, has been interested 
in your health. Schools furnish many 
services, such as a visiting nurse, den- 
tist, or doctor, 

Soon your health will be your own 
responsibility. You must be ready to 
take over as an adult. You should do 
everything possible to keep yourself 
in the finest health, The human body 
is a marvelous machine. Its care and 
upkeep are not difficult—if you know 
what you are doing. Be sure you do. 


Your Government Helps 

In your community, much is being 
done to keep you well. You are re- 
quired by law to be vaccinated 
against many diseases. You will not 
get smallpox or diphtheria, and the 


chances are very good that you will 
not get polio, 


Water and food 
spected, 
reduce th 
or water 

Find 
health is 


vestigatio 


supplies are in- 
Laws requiring inspection 
e chances that impure food 
will ever get to you. 

Cut more about how your 
protected by doing the in- 
n on the opposite page. 


AN INVESTIGATION into Keeping Water and Food 
Free from Bacteria 


Needed: you and your imagination 


This is a research problem. Research is, 
in a way, another term for investigating. 

Research can be carried on in many 
places. It may take place in the library. 
It may take place in the laboratory or 
in the field. It may take place when you 
talk to an expert. 

Wherever research is taking place, an 
attempt is being made to find out some- 
thing. 

Through research, try to find the an- 
swers to the four questions below. 
Where will you go for your research? to 
the library? to the laboratory? to an ex- 
pert? Here are the questions: j 

a. How is water purified in your vil- 
lage, town, or city? E 

b. How is milk freed from most harm- 
ful (called pathogenic) bacteria, mainly 
those of typhoid and tuberculosis? 

c. What does the purple stamp on 
meat (Inspected U.S.) mean? @ 

d. How is bottled food kept free from 
bacteria? A 

Notice that the four questi 7 
do with the technology of controlling 
disease. l 

Write the results of your research in a 
notebook. Your teacher may want you to 
report your results to the class. 
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A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. When on a hike it is easiest to purify water by adding 
a. chlorine b. Halazone pills 


2. Dirt and mud can be removed from water by 


a. filtration b. chlorination 


3. Impure milk or water is known to be a carrier of 
a. polio b. typhoid 


B. Score yourself on the questions a 
yourself a mark of 2 for any question you answer “All the 
time.” A mark of 1 goes for any question you answer “Some 
of the time.” Give yourself a mark of zer 
like “None of the time” or “Never.” 

What is your score? 


sked on page 136. Give 


o for any answer 


Did you score below 20? If so, which 
health practice needs correcting? 


1. With the help of your mother or father, 
medicine cabinet. Is everything labeled? Are all 
and drugs out of the reach of young children? 


check your 
antiseptics 


2. How does a deep well hel 


P in the maintenance of a safe 
water supply? 


or in the field. The scientist uses 
ing the answers to his question. 
tant skill that he uses is that of c 


7. The Main Concept: 
Controlling the Environment 


All living things depend on their 
environment for food, water, and 
shelter. Œ Without the sun's energy, 
green plants do not make food and 
cannot live; without green plants, 
animals cannot live. They depend on 
green plants not only for food but 
also for oxygen. ; 

We depend on our environment; 
but the environment is not always 
friendly. The tiger feeds on the deer. 
Some snakes feed on mice. Animals 
feed on each other, as well as on 
plants. Some animals and plants are 
dangerous to humans, too. 

Some bacteria would kill us if ye 
let them; others would make us SICK. 
Over the years there have been many 
diseases which were caused by micro- 
organisms. Such diseases have killed 
many men and there are many other 
diseases that still do. 


Before the microscope was in- 
vented, man did not know about 
microorganisms. A tool had to be in- 
vented before he could discover the 
cause of many diseases. Without the 
microscope we could not have known 
about microorganisms, the invisible 
enemies against which we must 
always be on guard. These invisible 
enemies killed many people and made 
many others very ill. 

For example, the Black Death, a 
disease caused by bacteria, killed one- 
fourth of all the people in Europe 
about 600 years ago. The disease is 
caused by a specific kind of bacteri- 
um, but the concept that bacteria and 
other microorganisms cause disease 
was not known 600 years ago. 

Tuberculosis killed many and still 
does; cholera and typhoid were com- 
mon too. Before 1900, smallpox was a 
disease that caused many deaths. To- 
day, smallpox is almost unknown; an 
epidemic unheard of. 
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modern hospital 


refrigerated truck 


modern supermarket 
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Even today, in the warmer climates 
of the world, malaria, caused by a 
microscopic protozoan, kills many 

eople—too many. 

4 Through science and technology, 
however, man has learned to control, 
and even to wipe out, many diseases. 
He has learned to do a very important 
thing, to control and change his en- 
vironment. | He has learned also to 
change the environment of some mi- 
croorganisms, so they cannot survive. 
Now man purifies water to kill the 
microorganisms in it; the government 
inspects meat and fish to get rid of 
any infected food; people are vacci- 
nated against smallpox, diphtheria, or 
polio, 

Man controls his environment. He 
has learned to control it in many 
ways. He makes laws, for instance. 
There are laws against stealing. There 
are safety laws. Drivers obey safety 
laws when they drive within speed 
limits or stop at red lights. There are 
also laws which apply to contagious 
diseases. Persons who have diseases 


that spread easily to other people 


must be isolated—by law. They are 
placed under 


quarantine. Quarantine 
thus protects other people’s lives. 

In addition to controlling his own 
environment, man tries to control 
other living things which could de- 
stroy him. What must he know in or- 
der to control the 
which could kill us? 
discover what 
where to find 
needed many 


microorganisms 
Man had first to 
germs are and how and 
them. To do this, he 
new inventions: the 


@ THESE FACTORS MAKE THE ENVIRONMENT 
UNSAFE FOR DISEASE GERMS 
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can you think of more? 


microscope, stains to color the bac- 
teria so that they might be examined, 
ways of growing bacteria, ways of 
collecting them. To get rid of the bac- 
teria, for instance, he needed to know 
how to produce antiseptics, to know 
how the body produces antibodies, 
and to know how molds produce 
antibiotics. 

Scientists learned to control the en- 
vironment so that it is not safe for 
many organisms that cause disease 
but is safe for us. ® This is one aim O 
medical research. Medical-researe 
scientists seek the causes of disease. 
Just as Louis Pasteur id, or as a 
Alexander Fleming and Jonas Sal 
did, scientists learn to control certain 
organisms in our environment, par- 
ticularly the ones that cause disease. 
In so doing they prevent disease- 


Animals and plants live together in 
their environment. Man lives in the 
environment as well. He breathes the 
air and drinks the water. He feeds on 
plants and animals; and, in turn, cer- 
tain organisms (like bacteria and vi- 
ruses) feed on him—if they can. By 
learning how to control such orga- 
nisms, man controls his environment— 
and in so doing, improves and 
lengthens his life. 

Man, as a scientist, has learned to 
control his environment mainly by 
investigation. By controlling the 
variables in his experiments, his con- 
clusions are more accurate. Accurate 
observation and measurement are two 
of the most important skills that man, 
as a scientist, has acquired. But that 
is also true in all walks of life—not just 


in science. 
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Fixing the Main Concepts 
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TESTING 
YOURSELF 


Test your understanding of the important concepts of this 
unit by doing these problems. 


1. A farmer examined the water in his well and found it 
cloudy. He sent the water for examination to the Health De- 
partment in a nearby city. The Health Department found that 
the water was full of microorganisms like those shown. E 


R 2? = a. What was in the water? R 
( oo 7* b. Are these microorganisms dangerous! 
fog. Why? | 
a q é c. What do you suggest could be done? 

®! 2 P 


d. How can well water be purified? 


2. In 1900, diphtheria and ty 
Now they occur very rarely in 
sons can you give for this? 


phoid were common diseases. 
the United States. What rea- 


3. What services does th 


i i t 
e government provide to protec 
our health and welfare? 


4. What reasons would you give for doing the following: 
a. A group of hikers | 


boils the water from a stream be- 
fore they drink it. 


b. A housewife puts meat in the refrigerator, 


c. Water entering a reservoir goes through a filtration 
plant. 


d. Water enterin 


g a big city from a reservoir is chlori- 
nated. 


5. An antibiotic can be taken ( 
so can an antibody. An antiseptic 
is poisonous when taken into the b 


or injected) into the body: 
can be used externally but 
ody. Why? 


QUICK TEST 


FOR YOUR 
READING 


6. 


Study the stat 
sponses. They wil 


unit. 


1. 


5. 


n, another vac 


tio 


1. 
published by 


. Certain iodine prod 


Use each of these key words or terms in a sentence. 
antiseptic spirillum 
antibody virus 
antibiotic vaccine 
immunity enzyme 
coccus spore 
bacillus bacterium 
covering cell white blood cell 
hypothesis experimental design 


control experiment microorganism 
ements below and choose the correct re- 
] help you fix in mind the concepts of this 


One of the following is not a bacterium. Which is it? 
c. virus 


a. coccus 
d. spirillum 


b. bacillus 
ucts are used as 
c. antibiotics 


a. antiseptics 
d. enzymes 


b. antibodies 


Streptomycin is an 
a. antiseptic 


b. antibody 


c. antibiotic 
d. enzyme 


Diastase is an 

i antiseptic c. antibiotic 
p. antibo dy d. enzyme 
accine was developed by Jonas Salk. In addi- 
cine for polio was developed by 

c. Alexander Fleming 
d. Howard Florey and 


Ernst Chain 


A polio V 


a. Selman Waksman 


p. Albert Sabin 


The Wonderful World of Medicine, by Ritchie Calder, 
Doubleday, Carden City, 1958. 


143 


ON YOUR OWN 


144 


This book describes the story of how man began to con- 
trol the microorganisms in his environment. It describes the 
history of medicine from the witch doctor to modern times. 
Many colored photographs illustrate this book. 


2. Miracle Drugs and the New Age of Medicine, by Fred 
Reinfeld, published by Sterling, New York, 1962. 

This book tells in detail the story of the discovery and pro- 
duction of the modern “wonder drugs.” 


3. The Story of Microbes, by Albert Schatz and Sarah 
Riedman, published by Harper and Row, New York, 1952. 

This interesting book tells the ways in which bacteria are 
used in making such products as cheese and sauerkraut. 


4. The Microscope, and How to Use It, by Georg Stehli, 
published by Sterling, New York, 1961. 


This is a book for beginners; it is especially good for those 
who own a microscope. If you are int 


croscope, you will want to learn 
used. 


erested in using a mi- 
many of the technical terms 


l. Yeasts are fun 


chlorophyll. Bacteria are also plants without chlorophyll. In 


ike the bacterial cell. The 
abolism (me-tab’a.liz’am ). 
d is part of its metabolism. 


and carbon dioxide. 
Yeast cells use sugar, too. What 
when they use sugar? Do they produce carbon dioxide, just 


as your cells do? As bacteria] cells do? Or do they produce 
oxygen (in the presence of light) 


do yeast cells produce 


PROJECTS 


is carbon dioxide? It is easy to test for carbon dioxide in the 
air you breathe out; but it is not so easy to do this for yeast 
Test your ability to use your ideas to find or to invent a tool 


2. Do some research in the library about the development 
antibiotic to combat the staphylococcus—a bacterium 


of an 
st antibiotics. 


which is very resistant to mo 


1. Grow a mold garden. 
On a paper plate put some scraps of food from the table— 


a piece of orange, apple, white bread, whole wheat bread. 
anda grape, if you can. You may want to use foods other thani 
those mentioned. 

Leave scraps of food on the plate, open to the air over 
night. Spores of different molds may be present in the air. 

Cover the paper plate with a piece of plastic. This will keep 
the moisture in. Examine the plate each day. 

How many different kinds of molds have you grown? Com- 
pare yours with those grown by your classmates. 

Jf you have a microscope examine each sample in a drop of 
water. To do this, pick up a bit of mold with a toothpick. Put 
the bit of mold in a drop of water on a slide and cover it 
with a cover glass. Does it look like one of those shown in 


the illustration? oO 

2. Plan an investigation 
better on carbohydrate foods 
do on protein foods (meats, cheeses, etc. ) 


different variables. 


to determine whether molds grow 
(starches and sugars) than they 
. Try to control the 


a 
Ea 
Wy Ə 
se 95° 
penicillium aspergillis bread mold yeast 
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A Concept of Interdependence: 
A New View 


Everyone learns; indeed, everyone 
must learn in one way or another. 
The way the scientist learns is one of 
the great designs of man. He is con- 
stantly searching for a better under- 
standing of the objects and events in 
the world around him. Most of his 
searching takes place 
laboratories, 


edge is being published at the rate of 
60 million pages a year. At this rate, it 
ding scientist 
eight hours a day (with no time off 
until the year 3363, to 
finish reading a year’s discovery of 
new knowledge. 
Look around you. In this modern 
age it is hard to find one substance 
that has not been affected by the 
knowledge that Scientists have dis- 
covered; but above and beyond un- 
covering new knowledge, what are 
scientists really search ing for? Let us 
use a particular example to find one 
answer to that question. 
en you go into the woods or 
ny environment where you can 
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What a vast number of plants and 
animals there are! The number is so 
vast that one wonders how anyone 
can learn all about them. Fortunately, 
there exists among all these different 
living things certain likenesses or re- 
lationships: but you may ask why 
they are important. Well, let’s see if 
we can find out. 

Look at the chart on the opposite 
page. It shows one way that scientists 
group, or classify, animals, Animals 
in certain groups seem to be closely 
related to each other. Mammals are 
related, They have much the same 
structure. The muscles, bones, and 
nerves of a dog are much like those 
of a cat, an elephant, a horse, or a 
tiger. They all have hair. If we were 
to look at the skeletons of each of 
these animals (all mammals), we 
would find that their skeletons are 
similar, 

Birds are related to each other. 
They all have feathers. In addition to 
being related to each other, they have 
à structure which is similar to that of 
the amphibians and reptiles. The 
Shes too, as well as the mammals, 
have something in common with the 
birds, amphibians, and reptiles. They 
are all vertebrate animals. Their back- 
one is made up of sections called 
vertebrae, 

Invertebrates are animals without 
backbones, The number of inverte- 
brates is vast and includes such ani- 


Œ CLASSIFICATION OF SOME ANIMALS 


invertebrates 
(animals without backbones) 


mollusks insects 


vertebrates 
(animals with backbones) 


mammals 
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Œ CLASSIFICATION OF SOME PLANTS 


nonvascular 
(without “water tubes’’) 


a 


W 


bread mold 


mals as worms, insects, and shellfish. 
Can likenesses also be found among 
invertebrates? 

Look at the chart which shows one 
way that scientists classify plants, m 
Flowering plants seem much like each 
other; they have the same structure, 
If you look inside their stems and ex. 
amine their flowers, you will find that 
flowering plants are related. Mosses, 
ferns, and molds are different from 
flowering plants. Do they have like- 
nesses to each other? Careful exami- 
nation will show that they do. 
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vascular 
(with "water tubes’’) 


spore-bearing 


fern 


seed-bearing 
(flowering) 


Plants and animals, then, can be 
grouped, or classified, according to 
their likenesses oy relationships. Un- 
derstanding their likenesses makes 
their differences easier to understand. 
In addition then to uncovering new 
nowledge, the Scientist is constantly 
Searching for relationships, the con- 
cepts of science. 
Now focus your attention on one of 
the major Concepts in this section: In- 
rdependence. Everywhere you look, 
you can obserye that living things are 
dependent on their environment: 


te 


Cattle cannot live without grass. 
Grasses are other living organisms. 
They depend on and use light energy 
from the sun, 93,000,000 miles away, 
to make their food. Both cattle and 
grasses depend on their environment 
for the matter and energy to keep 
them alive. 

This is true for other living things 
as well. The robin feeds on the earth- 
worm; the earthworm feeds on de- 
cayed leaves that are found in the soil. 
The decayed leaves were once the 
green leaves of the plants which got 


MATTER AND 


their energy from the sun. A mouse 
feeds on wheat; the wheat got its 
energy from the sun. In turn, the 
mouse may become food for a cat or 
a hawk. Each animal obtains matter 
and energy from its food. The carbon 
in food combines with oxygen from 
the air that an animal breathes in. The 
animal breathes out carbon dioxide. 

There even seems to be a kind of 
order in the feeding habits of animals, 
as shown in the diagram of the pyra- 
mid of life.@ It is another way of 
showing how living things depend 


ENERGY FOR LIFE 


carbon dioxide + water 


upon one another. The animals near 
the top of the pyramid get most of 
their food by eating other living 
things which are lower down on the 
pyramid. This is not always true. Can 
you think of some exceptions? 

A scientist once made the state- 
ment: “Every living thing is useful 
because it provides food for some 
other living thing.” Can you explain 
what the scientist meant by that state- 
ment? Do you think he was correct? 
Does this statement apply to man as 
well? Under what conditions do you 


think it applies to man? Give reasons 
for your answer. 


glucose + oxygen 


Animals get food and oxygen from 
plants. What do plants get from ani- 
mals? They get carbon dioxide gas, 
which supplies some of the matter 
needed by green plants for the proc- 
ess of foodmaking.™@ In the green 
plant a chemical reaction takes place 
to produce glucose, a kind of sugar. 
In the reaction, oxygen is given off. 
A word equation for the reaction is 
shown above. © 

Plants cannot live without carbon 
dioxide; animals cannot live without 
oxygen. Neither plants nor animals 


can live without the sun’s energy; it 
sustains all life, 


This brief survey about plants and 
animals points out one great concept: 
Plants and animals are interdepen- 
dent with one another and with their 
environment. Both plants and ani- 
mals get the matter and energy for 
growth from their environment. As 
plants die, they return matter and en- 
ergy to their environment. So do ani- 
mals, Plants and animals are con- 
stantly exchanging materials. 

Man too depends on his environ- 
ment and on plants and animals. If 
you visit a supermarket, you will see 
how dependent you are on plants and 
animals for food. As a matter of fact, 
you don’t even need to go to the 
supermarket to find out. Just ask your- 
self this question: How many differ- 
ent kinds of plants and animals did I 
eat today? What products did I use 
that came from plants oF animals? 

Besides using plants and animals 
for food, man uses the hides of ani- 
mals for shoes, the wood from trees to 
build houses, the fiber from the cotton 
plant to make his shirts, and the er 
from sheep to make his suits an 
coats. Even the synthetic fibers that 
man uses are made from matter found 
in the environment. . 

Man is interdependent 
vironment but st is not the pan 
story. Modern man can do much 
more; he uses science and technology 
to change his environment. sa 
of his brain man can investigate MS 
environment and change it in such a 
way that men who lived 10,000 years 
ago would not recognize it. 


with his en- 


Man, as a scientist, has learned to 
observe and to investigate his en- 
vironment. He searches for relation- 
ships which help him to understand 
his environment. From the relation- 
ships he develops concepts which en- 
able him to change his environment. 
He is always looking for new and bet- 
ter ideas to create new and better 
products. 

For example, the concept that mat- 
ter is made up of particles provides 
the basis for rearranging the particles 
(the atoms and molecules) to form 
new substances. Man takes from his 
environment 

—iron ore and makes iron; 

—iron and makes steel; 

—coal, air, and water, and makes 
nylon. 

What concepts does man use when 

he 

—makes antibiotics to combat dis- 
ease? 

_makes rockets to conquer space? 

_makes refrigerators, furnaces, and 
houses to combat weather? 

_ builds schools and writes books so 
that what he has learned is avail- 
able to others? 

Man is the dominant organism on 
the earth. He is learning how impor- 
tant the environment is to him. He is 
learning also, even if slowly, to use it 
wisely. 

Science is a part of your world. 
Just as you have learned to use words 
and numbers, you are now learning to 
use the concepts and tools of science. 
Will you use them wisely? 
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CONCEPTUAL SCHEME 


When energy changes from one form to another, 
the total amount of energy remains unchanged. 


(Text pages 152-93) 


UNIT CONCEPT 

The amount of energy gotten out 
of a machine does not exceed the 
energy put into it. 


A Preview of the Concepts 


Unit Four 
MACHINES IN ACTION 


eer nas iD 
The pupils investigate each of the common machines that mei Te tha 
vented and derive the concepts on which they operate. They disco 


r s i there 
while machines make work easier by multiplying the forces appie a the 
is no increase in the work done, Energy input can never be more varcome 
energy output (work), which includes energy transformed to OV 
resistance (friction). 
A VIEW OF THE UNIT id “Give 
Archimedes, the Greek mathematician and inventor, once sa ‘talking 
me a place to stand and I will lift the world.” He may have peen ffort. 
about a long bar, a fulcrum 


; e 
» and the force he could exert by his Ow hie he 
It would have had to be a very long bar indeed! Whatever maof mar! 
had in mind, he understood the concept of multiplying the force ash iD 
muscles. As Astronaut White di all p 


scovered in June of 1965, à oe h rictio? 
Ta on the heavy Gemini capsule moved it easily. On aoe a we 
of the atmosphere and of the contact surfaces of the caPS™ gucti 


ri * 
effort to move the capsule ae white 
o far wrong after all, for Astro”! 


Sai c sense. imple ™* 
Scientists long ago understood many of the concepts a? hav? 
chines. Technologists have been inventing improved machines: a s eed: 
been concerned with effort, load (or resistance), distance pe don? 
Our modern economic society requires a vast amount of work t° ductio” 
in a short time and with the least sacrifice in distance. The ed and 
of machines that multiply effort, reduce resistance, and increase spe ation 
distance are the concern of the technologist and engineer a jens 
ships that explain the concept of work are the concern of th® a elves 
This unit develops these relationships from which the pupils ° 
can formulate concepts and draw inferences from them go 
In Section 1, the pupils Investigate the most common attr! spine a 
ple machines. In Sections 2-4, the o 


yon 
ACT 
T-72 UNU TOUR E ACHINES IN 


the force applied, or pulti- 


which an effort force is applied, may multiply l 
e use of simple arithmetic 


lira The relationships are derived by th 
vestigational observations. 

While the term mechanical advantage i 
cle Moe to introduce it), the pupils d 
half ie is multiplied by the use of machines. ) 
a e effort force is needed to do a given amount of work (mechanical 
: a ntage of 2), they see that a machine will move twice the load through 
en distance with the same effort, or double the speed (distance cov- 

) with twice the effort—disregarding frictional resistance, of course. 
lach ines with a favorable mechanical advantage are often combined to 
ee the mechanical advantages. For example, a wheel and axle with 
pe capi advantage of 3 combined with a movable inclined sae 
ical Re meat grinder with a mechanical advantage of 6, affords $ r en 
evel vantage of 18 in the compound machine. Again, the text does no 
elop this mathematical relationship, but @ perceptive student may 


rai 
alse the questions. he e 
In i 
Section 5, pupils inve stigat 3 


work 
cou done and consider the question: Is fr r | 
rse it is, because work is done in slowing the motion of objects as we 


âs in moving them through a distance.) From their investigations, pupils 
dop progress to the meaning of work in a scientific sense, deriving an 
Quation (or a statement in words) that expresses the relationship mathe- 
ely, that is Work = Force X Distance. This equation is also a to 
be n the relationship between the worx (energy) put nipa oan i 
o e work got out. If either Force or Distance 1S 0, no use: et 
wie no matter how tired a person gets or how heated a near i 
tior foron he energy is converted into ona — but no work is Cone; 
is moving an object through a istance. 
flea or two Se ficiency and power. We have ao a 
expr °P these aspects of work. The concept of efficiency nea 
is a in percentage, a ratio between work input a iy A ii 
her necessary in understanding how machines yak o Sate me 
upi ing how well they work. Power, of course, 1S the Ta e r 3 
Pils can understand that the use of machines permits ae per — 
attach same amount of work in a shorter time, pur Be pa erpinely 
imit to power rests on mathematical computations. © wer to a later 
Year. T the concepts to energy, force, and work peat ‘atl power or 
electri © avoid confusion later, it is best not to reter rgy from flowing 
1€ power, but to energy from moving water or to energy 


Electr ae 
Ons o of electricity. 
r to the force of water or the force Cas used concepts of 


s not used in the pupils’ text 
discover that effort applied to 
(No work is saved!) If 


jonal resistance on the 


ffect of frict 
iction ever a useful force? (Of 


nce again ; j S that ma 
Sciengg Vom in this unit, the pupils see tha as ty feeble, of his 
ete i > À Jatively feeble, 
Muscles,” invent tools to multiply the force, T° 
T-73 


ACHT: 
NG SUGGESTIONS 


=a ey mew) by piso Qwe uo 


Films 


Filmstrips 


SUPPLEMENTARY AIDS 


: nd film- 
Names and addresses of distributors and suppliers of ig et iin 
strips are on page F-26. All films and filmstrips are in color. 
are available with sound track, as indicated in the listing. 


+ ve, 
ak object mo 
Forces (14 min.), E.B.F. Demonstrates how a force can make pe kinds of 
deform objects, and can speed them up or slow them down. (intermediate) 
forces—magnetism, electricity, and gravity. 


re 
s TI tion as CO! 
What Is Uniform Motion? (14 min.), E.B.F. Defines uniform moti 


«on. friction 
P Sacha tion : 
stant speed or equal distances in equal times, Force starts Intermediate) 
slows motion; gravity pulls object toward earth. 


do 
ability t° 
Energy at Work (11 min.), E.B.F. Shows how energy has Hie A pues ' 
work; can be changed from one form to another; can be store 


diate, 
= Jnterme 
Energy of objects in motion is kinetic energy. ( 


; » Wedge, 

The Pulley; The Lever; The Wheel and Axle; Inclined Satay M pi 

Screw; Wheels, Belts, and Gears. Five filmstrips on machines achine is pie 
with sound track), Cenco. The work done by each type of mé 


o! 
; septs 
h P P z g concer 
tured, its principle described and illustrated by example. Pa Tntermedin e 
work and force are introduced, 


Work and Friction (38 frames), J 


„periments 
am Handy, 1964, Simple experim 
what scientists mean by work, f 


ing o 
à aning 0" e) 
orce; how work is measured; me mediat 


ter 
tion and how to reduce friction, Gi «ations 
m jnvestig? od 
Inclined Planes at Work (38 frames), Jam Handy, 1964. Simple inve™ cline 
show how simple machines m 


n 
ei a 
Š P w th in 
ake man’s work easier and ho mien XO 


s 
s ication jate) 
vork with less force, Shows PPP nternet" 


plane makes it possible to do y 
dustry, 


kes 
i yer ma ve 
ames), Jam Handy, 1964. Explains how 4 le yes pe 
work easier and the purpose and best location of the ae sho to 
amples of the kinds of levers, according to position of fulcrum, 
relationship between force a 


e 
cee the jate) 
nd resistance and application of P rermedi 
man’s work, 


Levers at Work (38 fr. 


Pulleys at Work (38 frames), 
tem and how these syst 
systems, such as fixed 
relationship between th 
to do a given amount o; 


5 
Jey 5 
a pul 
Jam Handy, 1964. Explains parts of is of PY the 
ems help move objects; discusses he i i 
and movable Pulleys, what each one Me 


ce Teo, te) 
e number of Supporting cords and the (gntermedi® 
f work, 


we jS 
it? 
se how d 
s an 
Wheels and Axles at Work (38 frames), Jam Handy, 1964. Pepi wheel ied. 
easier to move things more easily on wheels, the advantages of t £ 
axle, and the effect of 


ne ate) 
orce gjat 
a change in size of wheel or axle to the Formed 

Application to everyday jobs, ( 


Screws and Wedges at Work 
as an inclined plane wound 


S; `, te, 
wor edi? 
a wedge is and how it is us 


(Inte 
ed in doing work, 


N 

JO 

N A sal 
CHINES 
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Th 2 . 
of the Wheel and Axle (44 frames, sound), S.V.E., 1965. Shows 
af = oi axle in common objects; demonstrates the mechanical advantage 
imple machines and how to measure the work they do. (Intermediate) 


| The Work 
rere of the Lever (41 frames, sound), S.V.E., 1965. Defines a lever, and 
examples of the kinds according to the location of the fulcrum; shows 


| how i 
= i ema the mechanical advantage and how to measure the amount 
ik 
one. (Intermediate) 


S.V.E., 1965. Tells what a pulley 
movable pulleys and the block 
and axle and a lever; 

(Intermediate) 


a ie of the Pulley (49 frames, sound), 
est aa it works; the operation of fixed and 
ad a le; shows the relation of a pulley to a wheel 

to measure in foot-pounds the work done. 


Th 
e Work of the Inclined Plane, Screw, and Wedge (44 frames, sound), S.V.E., 
Itiplies effort, we must put 


196 
ii z Shows that although an inclined plane mu 
as much work as we get out; how to measure the mechanical advantage. 
(Intermediate) 


V.E., 1965. Shows how gears, belts, 
ange direction in which a force acts 
using different sizes of gears 
reduction in force. 
(Intermediate) 


Th 
meee Gears (40 frames, sound), S 
and h ains transfer a force; how gears ch 
we RW they give a mechanical advantage. By 
multiply force but lose speed or gain speed by 


Titles with an asterisk (°) are especially recommended. Addresses of Science Reading Table 

Publishers are on page F-24. 
] Epstein, Random House, 1962. 
ficient methods of producing 
oline and diesel engines, tur- 
and nuclear 

(Average) 


All 
Sot ngines and Power by Sam and Bery 
Power 3 ie continuing search for more e 
ines and udes material on the wor 
and steam engines, rockets an 


Teact 
o F : : : 
ts. The relation of scientists to MV 


Atom 

S, Ener ick, Crea 
i gy and Machines by Jack McCormick, Crea 
oad oman 7 ai Museum of Natural History, New 


in cooperati i if 

ork ation with the Americ: $ 

ig 1962. An informal introduction to physics and chemistry. Includes ma- 

fal on new developments as well as the basic topics. Many photographs 
and their application. 


kings of gas 
d jets, electric generators 


entors is apparent. 
tive Educational So- 


and illustrati f i 
tratio lai ‘entific discoveries 
ns help to explain scient (sdeancnd} 
` 
Ener, a 
gy by Mite ‘ z Editors of Life, Time, Inc., 1963. 
itchell Wilson and te in all its forms. A picture 


aluab] 
able resource for i «a about energy 
Csgay ss rce for information @ ; F 
a N is included in each section. Scholarly treatment of the — written 
ayman’s ] : A defined in the narrative. 
iğ angua i and difficult terms e 
guage, with new and di (Advanced) 


Time, Inc., 1964. In- 
achines; weapons from slingshots 
d how they work. A fascinating 
» describes, among many 
factory. A picture 

(Advanced) 


"Machi 
ines by Robert O’Brien and the Editors of Life, 


clu 

t He material on the five fundamental m 
Shatter on and household machines an¢ 0” 
Other ii The Promise and Problems of a 
Ssay į arvels, automation at the world’s | t wi 

S included in each section. 


arges 
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ACH 
T 
~ NG SUGGESTIONS 
E EE 


(Text pages 154-60) 


SUBCONCEPT 
Machines may multiply force, in- 
crease speed, or change direction. 


ouse, 

Simple Machines and How They Work by Elizabeth N. Sharp, ayaa E pi 

1959. Some easy investigations and many examples ipone s secant 

jects and activities make simple machines easily indentifiable. lee Cee 
and illustrations add to the ease of developing concepts of machines. 


i fun- 

What Is a Machine? by B. John Syrocki, Benefic Press, 1960. manae a a 

damental simple machines, with narrative and many pictures. olis 

chapter on big machines made up of two or more simple machines. (Easy) 
the relation of force to the work of machines. 


ovel- 
What Is Energy? by Daniel Q. Posin, Benefic Press, 1962. ee ai 
view of the subject. Includes these topics: Energy from the Sun; and Mag- 
Nuclear Sources of Energy; How Heat, Light, Sound, Electrical, a mio? 
netic Energy Create Force; and Future Sources of Energy. earn 
pictures and diagrams. 


City 

°The Wonderful World of Mathematics by Lancelot Hogben, Garden epee 

Books, Doubleday, 1955. Interrelates the historical development a among 

and mathematics. Describes the gradual interchange of yg” 
widely differing civilizations. Starts with consideration of the 


< ns and topics 
about 25000 s.c., to the industrial world today. Selected sections Advanced) 
will be enjoyed by average readers, ( 


B> INTRODUCING THE UNIT 


What kinds of machine. 
listed, ask if any pupils 
show of skepticism, at le: 


without using their thum a 
ow. As soon as there i6 som iih Jess 
hine helps us do something. the text: 
nit (text pages 152-53), Te ustra 
ions in it by examining the i 5 
Do some work better than othe 


tio 


s 
Section 1: MULTIPLYING THE FORCE of your MUSCLE 


m 

: > saotel Sie 
Pupils examine the three types of simple machines and discOY®_ | dis 
of the relationships between the effort used to move an object an ut 4° 


tance it is moved. Machines reduce effort by multiplying forc® 
not give us something for nothing, 


Introducing the Concept 

How strong are 
lift or carry, how 
Are you strong eno 
object)? 


son 
act 
N 
T- 76 UNIT FOUR / MACHINES ! 


ove a piano or a heavy 
t you can’t have any 
e that this chalkbox 


Can you design a way you might be able to m 
crate into a truck? Several strong men could lift it, bu 
help; you have to do it yourself. Let us make believ 
(or pile of books) is the ‘back of a truck. Can you make, with this length 
of wood (a yardstick or orange crate slat), a model of a machine that 
you could use? If you were in a wheelchair, could you invent a way to go 
UP some steps? Encourage pupils to consider, as they read and investi- 
Bate, these questions: 

What is a simple machine? What do simple m 


Machines can you think of? 


achines do? How many 


Developing the Concept 
n investigation into an incline 
ree introductory paragraphs on page 15 
u €Y would rather shinny up a rope, clim 
as ramp. Which is easiest; that is, ape see 
you think i > relationship betwee 
the Denen ard be TE Coups of pupils may work j Tn 
on the investigation Si text page 155. Since investigations into Jon r 
duire some mathematical computations, pupils should be prere ies 

sc i j a modi 

Pupils ee ee io ady pull on the spring scales 
order to attain accurate readings. hae se a 
me back to the questions with which you started this spent 5 Fee : 
climb stairs or shinny up a rope, what weight must ‘ = ae 
e n.) How much effort will you need to shinny uP n ii ame ie 
qual to weight. ) To climb stairs? (Maybe equal to ha 4 


i irs for in- 
“pendi i ow would you þuild stairs 
valiq es sreaprieis wt stain.) E ) In how many ways do people 


ids or elderl loping: 

i people? (More stop P , escala- 
i ~ inclined lee it few ideas as starter AET of man other 
e "> Playground slide, house roof, etc:)> pupils w d Jti in all these 
mples, What relation is there between effort an 


“sample ines? z 
nine Where they are used as mac of students may perform this 
` i ae: x á 
Mvest "vestigation into the lever. 4 cs an investigation of its own 


int. tigation whil oup d : ie 
i w another group f Id you u 
na the pulley, 7 akain I What kind of pare part P 
a "Y a heavy stone out of the gr s equipment. Where 
Wo 128 for the inclined plane above, Y make to multiply the 
ffon 72U apply the effort? What change could Pe feelin of the pupils’ 
Mion, Move the fulcrum closer to the stone.) ere page 157. 
veses should result from the investigation oa pulley do? Are here 


n Pi 
any , estigation into the pulley. pied mt up a window shade from 
ther 


d plane. After the pupils have read the 
4, ask if, to reach the floor above, 


b a ladder, go up stairs, or walk 
ms to take the least effort? 
n the apparent effort and 


a slow ste 


You 
Ow, 


the i the classroom? Would you ra Hey system? Is one way 

i ‘om A the to’ with a pulley : ti- 

Asie , Or pull it down from the top re effort? Set up an inves 
an the other? Does one way take mo 

Tea, T-T7] 


Cay 
> NG SUGGESTIONS 


Equipment and Machines 
... box or pile of books 


...length of wood or a yard- 
stick 


The effort needed to raise a weight 
a given distance decreases as the 
length of an inclined plane is in- 
creased. 


Processes emphasized 

Investigation (with design of an 
experiment) 

Mathematical computation 

Measurement (observation) 

Library research 

Recording 

Invention 

Hypothesizing 

Theorizing 

Predicting 

Analysis of data 


Equipment and Materials 

See text page 155; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


The effort needed to raise a weight 
with a lever depends on the rela- 
tive distances of the load and the 
effort from the fulcrum. 


Equipment and Materials 
See text page 157; also the 
Teachers Manual for Classroom 
Laboratory 6. 


A fixed pulley changes fhe direc- 
tion of a force; it does not multiply 
the force. 


—— EES 


Equipment and Materials 


.. . fixed support with pulley 
...cord and weight 
... spring balance 


One use of the wheel and axle is 
to increase speed. 


(Text page 160) 


(Text pages 161-65) 


SUBCONCEPT 

A lever is a simple machine that 
concentrates the effort force and 
the load, each at one point; a 
lever usually multiplies force. 


ipment 
gation to verify or disprove the pupils’ hypotheses. All ne) pina ce 
needed is a fixed support to which a pulley can be attac she ee 
freely, a length of cord, a weight, and a spring balance. raetiestion of 
fixed pulley do? (Changes direction of the force—no multip 
effort. ; ay of 
ee the wheel and axle. The textbook describes ae 
investigating what a wheel and axle does. An interested group 
may design their own investigation and report to the class. ve been it- 
Concluding the lesson. Several types of simple machines hav is pupils 
vestigated. The textbook (page 159) summarizes concepts that ‘ 1g Use 
will have discovered and should have verified. How have CS a few 
these concepts to invent many kinds of machines combining al include 
simple ones? A chalkboard list may be developed. It probably w! it, Give 
many compound machines, but return to these later in the ron with 
pupils credit for recognizing simple machines used in net pupils 
others. What three benefits do machines give us in doing WoT for sci- 
may correctly indicate a further ady i 


antage in the release of tim 
entific investigation and technologic: 


al inventions. 


Extending the Concept 
The machines we use. Compile 


day. Did you use some to multiply effort? Some to gain speed! you 


` aps 
change direction? Develop a report on your investigation. Perhat 
can find out how recently some of the 


A report. Ramps have been found 
Babylon. Great slabs of rock were lift 
mids of Egypt. Intereste 
machines Babylonians, 
other ancient peoples us 


vee 
use in oP 


a list of the machines ved? Some t° 


machines were invented. 
in the ruins of ancient ee py 
ed great heights to build inds of 
d pupils may read to investigate the als and 
Egyptians, Mayans (in Central Americ? 

ed in building their cities. 


mples of 


Reviewing the Concept 
Before You Go On. A. La 


Using What You Know. 
dow shades; pulley on t 
change the tilt of the sl 


2 c 3.b 


1. Wheel and 


he venetian b] 
ats. 


ine 
the W 
on 
axle and possibly a pulley and axl 
inds and possibly a whee! 4 


2. An inclined plane. 


Section 2: THE LEVERS You USE 


mun 
e 
ation to load and effort affects the amount by which a mac’? applied 
plies force They learn the different ways in which levers ca? a thre? 
to move objects. They discover that the fulcrum may be al 
positions in relation to the load and effort 

yeni 
T-78 


| Introducing the Concept 


Suspend a yardstick so that it hangs freely and is balanced around its Processes emphasized 


midpoint. How can we show that this acts like a lever? What does the Investigation (with design of 
point of support resemble? (Fulcrum.) Let us hang a weight (say 50 experiment) 

grams) 8 inches from the fulcrum. Where will you have to apply just Measurement (observation) 
enough effort to balance the weight? How can we test our hypotheses? Analysis of data 


i i Mathematical ; 
(Use a spring scale.) As volunteers test (one should lightly support the a E ee 


weighted end until the spring scale is attached and can be held ), they eee 
will, of course, find that the spring scale will register 50 grams at 8 inches Hypothesizing 
from the fulcrum on the side opposite the weight when the spring is Theorizing 


pulled down at the point—and nowhere else. Where can we apply a force Prediction 
eight? (Nearer the 


So that less force is needed to balance the 50-gram w 
s se is needed to balance i t ) ; 
end of the yardstick.) If you wish to suggest that there is another kind Equipment and Materials 


ie lever, you may ask where else a force might be applied so that there... yardstick 
will be a balance of forces. Volunteers who propose a hypothesis should - .. Support 
e asked to test it, (The spring scale pulled up exactly at the point the perur 
load is attached.) What do we notice about the location of the effort S ate 
orce? (It seems to be concentrated at one ++. Spring 
Before the pupils begin the investigation 
h to make a preliminary exploration of th 
Ypotheses; , enna 
How can we apply effort to multiply force by using a Losier ow y 
changing the location of the fulcrum or the point at which effort is ap- 
Bhed change the amount of the effort? 


point. ) 
on text page 162, you may 
ese questions and encourage 


De ‘ 
Veloping the Concept 
en nvestigating the location of the fu 
tere locations, it is well to insist 07 $ 
e classes isfied with a 
« ses, you may be satis i h : 
Or less,” but with many you will wish to investigate 


Icrum. As the pupils investigate dif- Moving the fulcrum in relation to 
bulatin exact measurements. With load and effort increases or de- 
pS on to the questions “more” creases the effort that must be ap- 
ne “how much more” (Uouo 

give a good 


o“ i utation can 

ow » tical comp d 
Anwen a less.” Only thema til The measurements to record Equipment and Materials 
at this ; Hence, exact measuring 1S es Ti used) location of fulcrum (F), See text page 162; also the 
igp, eoint Should be (if a yarasin ulcrum (LD), distance Teacher's Manual for Classroom 


wW 
psht of load (L), distance between load and f 


er 0 
me fulcrum and effort (ED); and pen acca eaten 
Tela ‘SF several sets of data have bee die board the equation LXLD= 


E eis You may wish to place on he aD becomes ae 
lee e t ehoa e : d LD is 3 inches, ED at 6 
pils see that the relation- 
hip between ED and LD is 
this position multiplies the 
age of this lever setup, 


effort applied (E). Laboratory 6. 


P between L and E is 2, and the relations 
The lever with the fulcrum located in| ‘ 
Y 2. This figure is the mechanical advan 
kar wish to introduce the term. 
levers -rning levers. Either have On 1°" 
Or encourage pupils to bring them m- 


fort p 


if 
You The longer the effort arm, the more 


sati les of 
¿amination samp. f 
hand for exa w hammer, a force is multiplied. 
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| “ACH: 
h ING SUGGESTIONS 
a e 


A block-ond-tackle pulley system 
multiplies the force by the number 
of ropes that support the load. 


Pupils test their understanding of 
pulleys by considering several situa- 
tions in which they may be used. 


Investigating the block and tackle. Similar results should be obtained 
as in the investigations described above. With three pulleys in a block- 
and-tackle system, one third the effort is needed; the load will rise onè 
third the distance with the same amount of rope, or the same distance 
with three times the length of rope. d 

Problems with pulleys. After pupils have finished reading their text an 
have considered the problem at the end of the section, test comprehen- 
sion by problems similar to the following: 

1. Suppose an automobile engine 


car 
needs to be removed from the c4 
frame in order to repair it. The 


engine weighs 600 pounds. What ene 
with only 100 pounds of effort? (A on 
ch block.) Can you diagram the arans. 
es plus the one that changes direction sm 
f rope will be pulled through the syste 


. i 
8 a mirror so that it could be raised for tall P 
sons and lowered for short persons? 

3. What kind of pulley arrangement could 
stretched across the room, as for a ti 


tighten the wire is one fo 


wire 


you set up to tighten @ rt to 


me line? Assume that the effo 


urth the tension on the wire in pounds. 


. a : 

ng a spring scale, a length of cord; - 

he effort needed to raise a weight when a rounde 
ack, is used in 


by greasing the axle a 
Multiplyi P 
tplying force s. Select two strong boys each s 
length of rope to one broomstic™ 
the rope back and forth aroun 


t i i ssi 
A pulley display. Where are deme somiada Be 


e 
blinds, ski tows, build; © pulleys at work? Flagpoles, Ve" aa 


toy 
ade es. To tached 2 0 
scription showing how tte A each should be atta 


he force needed to do a given onsi 
; p c 
library references and develop a ee are ee 


tric 
to me 
system, or from one unit to another ; oe sail 
tem in mathematics is it based? ( 
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Reviewing the Concept 
Before You Go On. A. 1.b 2a 


o Your Own. The distance will equal the nu 
ance the load is lifted. For example, 4 strings 


3.a 


mber of strings times the dis- 
x 1 foot = 4 feet. 


Section 4: OTHER MACHINES YOU USE 

iences to see that the great variety of 
f simple machines. Most of them 
a force, or increase speed. 


= se pupils examine their exper 

chi es 

dha nines are really combinations © 
ange the direction of a force, multiply 


In ; 
Yöducing the Concept 
chis there is a school shop, arrange 
el, a wedge, a screwdriver, variou 


ew nails : 
,a hand drill (if possible), W i ‘00% 
$ $0 1 inch thick. Or arrange with the school custodian for a loan of simi- 


wh tools for a class period, or the day. Ask the pupils to state—or guess— 
at the tools are used for. What kinds 0 hines do they represent? 


f mac : 
Sa chines? Are there 
any of the tools combinations © 


NY inclined f several different ma . 
: e tion to this 
sectie i planes? levers? wheels and axles? A central ques 

n is: 


i machines be combined to multiply for 


to borrow various common tools—a 
s kinds of screws, nuts and bolts, a 
renches, and some pieces of wood 


ce or gain speed? 


aragraphs and 
text page 173. 
with 


D 
yeoping the Concept 
examin of screws. After pupils have T° pin 
he ned the illustrations, proceed to the inv 
9 Cinch veg need help in van’ tapon 
i n side agai encil and W J J 
ahg at the top prr pea Th ill be about 10 ian aiaa 
erage pencil. Exami F veral types of screws and compare tù — 
meo thteads i reer ae ; be 12 or more, perhaps six to te 
ti reads in 1 inch. There may 


york the inclined 
es as i : del, In the work on 
Plane many in proportion to ee vou tations of the Jore 
n 


> potion A Ses the less 
hi force San a Ver object up it? bess nts ie What 
orce.) ew and the sa ws: 
Tesj 2C odel ser ihe 
“sistance compare with the m > ’ Friction-actually the cohesion of th 
ust a screw overcome! Why is it easier to pry 


“cules i ‘ yap js driven.) 
es in the substance into which it ee onl rather dani a see? 
inst the force 


Sards.a fastene . 
es {GS apart when they are as acting ag 
of «lined plane on the screw has greater force a 

T} Pry (lever), 


ve : r 
l Movable incli _ The screw W as 
R ane, Tf wy e inclined plane ato pack, W 

© We e put two inclined planes Pa (it, too, ove 
oF ave? (A wedge.) What does eS 


Ole z irido know 
cular cohesion.) On the basis 


ad the introductory p 
igation on 
r; they should start 
that the 12-inch side re- 


ere W 


ate 


Gnd of moving inclined 
hat kind of machine 
rcomes friction— 


f what you about the effect 
0 W! 
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(Text page 171) 


(Text pages 172-79) 


SUBCONCEPT 

Most machines are modifications or 

combinations of a few simple ma- 

chines. 

Processes emphasized. 

Invention (model-making) 

Analysis of observations 

Mathematical computation 

Hypothesizing 

Theorizing 

Prediction 

Investigation (study of ma- 
chines in the environment) 


Equipment and Materials 
_.. various tools, as suggested 


A screw is a winding inclined 


plane. 


Equipment and Materials 
See text page 173; also the 
Teacher's Manual for Classroom 
Laboratory 6. 


Wedges are movable inclined 


planes for overcoming great re- 


sistances. 


A wheel and axle multiplies force 
when it is applied to the wheel, and 
increases speed when it is applied 
to the axle. 


resistance 
arm 


Gears multiply force or increase 
speed as the wheel and axle does, 


and change the direction of the 
force. 


resistance 
arm 


effort arm 
Compound machines multiply the 


forces of the simple machines of 
which they consist. 


a thick 
of the slant of an inclined plane, would you use a thin wedge > oo 
wedge to try to split a hardwood log? (The thin wedge; the less ee you 
the less the force needed.) What are some movable inclined pian -aile 
use? Pupils expand on the examples given in their text. A nail andan 
are actually wedges that have been rotated to form a point. imit 
A spinning lever. If possible, take off a doorknob, as suggestec off the 
page 175, by removing the small screw on the shaft and slipping Most 
knob. Try to open the door by turning the axle with the fingers. ek 
axles have a hole through them into which the set screw fits. a (A 
long nail and try to turn the axle, What does the long nail resem eee 
lever.) Place on the board the diagram at the side. Which aons 8 
resents the effort arm? Which the distance arm? What is the relation axle 
the mechanical advantage, if the wheel radius is 2 inches and tne le. a 
radius is } inch? (8.) When the effort moves through a whole cit , 


+ ing lever } 
è r P ev 
wheel is described; so we can call the wheel and axle a spinning 


we wish. 


a ful- 
ad 12 inches from the pa 


ite side 
3 inches from the fulcrum at the opposite ort 
It takes more effort force, but how far does the load travel if the how 
travels 1 inch? (4 inches.) I pee 


es as far.) This means t pend? 
in the same time as the little axle; p 
Incidentally, an increase in speed gives fo 

ntage of 4, if you feel the class is ready fo 


‘a 


r this 


ilar analogy to the lever may be develop 
agram at the side, Most gears connect th 


a 
evel, © 
arm by means of teeth. In the bicycle, how 
turnin 


gears by using the dj 


c 
mes should rn for every 
plete tum of the pease Should the rear wheel turn fo 


Machines in combination. Thr 
bining machines and usin 
you use a screwdriver in 
the lid and as a lever to 


When you tighten a scre 
and axle.) 


(No. Two levers—in the 


oughout thi 
& compound ma, 
Opening a p 
pry it off.) 
w, how do 


n cone 
s section, you have one 
chines, In what two t unde 
aint can? (As a wedge to 8e ch? 


‘ en! 
What type of machine is a s wheel 


hine’ 
tag? 


JON 
ACT: 
UNIT FOUR / MACHINES IN 


of ini te ah 
hear machines in this way? (The force of one machine increases 
orce of the other; that is, the mechanical advantage of one multiplies 


"E mechanical advantage of the other. ) 
i textbook mentions a number of compound machines. What ma- 
ag are there in a meat grinder? (Wheel and axle turning an inclined 
ours What machines are there in the egg beater? ( Wheel and axle 
the § g a small gear connected to other gears that change direction of 
If orce.) Do these machines increase force or increase speed? (Force.) 
a borrowed a hand drill, you may wish to show how it works. A 
The | and axle turns gears. What do the gears turn? (An inclined plane.) 
i pit, when turned in a piece of wood, shows that the wood has 
imbed” the inclined plane. The pupils may cite other examples. 


Extendi 

ng the Concept 

Compound machine display. isplay oo A a oor 
s O: ardware 


0: 
eo can be enlarged by adding toy | tog 
co che howing a compounding of machines. Descriptions of what these 
mbinations do should be attached to all models displayed. See Chap- 
for suggestions. 


te 
pot The Sourcebook for Elementar 
ocal oe a visit from a repairman 
Should er ew and invite him to t 
em — him on questions they 
en ight be: What is the right wa 
With Aas how should you use screw 
Screws? Wh, res threade surfaces? Y oa 
j a i . a a 
aw are ias “se rhe lente ip What kinds of tools are used to get at 


Out- 
of-the-way places? The class should add others. 


Review; 
7 iewing the Concept 
0 
te You Goon, A.Le, b 2b >” 4.a, b 
he winding inclined plane around 


Usi 

n 

E What You Know. 1. b; The slop? otea uat 
Screw offers more resistance than the smooth naie = >? ? : 


T soti i e in the 
Tin Pupils investigate ways in which friction par Spee oe 
nme force needed to move objec over a iS", gigned to reduce friction: 
but hand discover that most machines are designe A 

at some machines make use of friction. 


Intr 
Oducin 
g the Concept : OA 
OTE. I , the pupils have been inves 
Bati n the first f tions of this unit, 
lo ting the ways Ah E machine multiplies the force ma moie a 
» changes the direction in which the force operates, or applies a torce 
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TEA 
CH: 
ING SUGGESTIONS 


(Text pages 178-79) 


(Text pages 180-83) 


SUBCONCEPT 

Friction increases effort that must 
be applied, and decreases speed 
(distance). 


Processes emphasized 


Observation 

Investigation (with design of ex- 
periment) 

Analysis of data 

Invention 

Computation 

Hypothesizing 

Theorizing 

Prediction 

Library research 


Friction is a force that resists mo- 
tion. 


Equipment and Materials 


See text page 181; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


to gain speed (or more distance, in the same amount of time ee hya 
applied). Each force thus far studied has been concerned wi E e 
tion of the effort force. In this section, the pupils consider the = e 
(load) as a force that slows down the forward motion of alae ane 
tion ever useful? Or should we try to develop a machine that would r 
stop (perpetual motion )? on by as 
We live in a world of motion, You may wish to start discussion en 
ing if there are times when we wish to keep things from moving E en 
them to a stop? What are some of these things? (Automobiles, sleds, ae 
What force is used? (Friction.) Have we met this force in any of the 
chines we have studied? (Yes; in all of them.) ay- 
Let us look at friction. Place objects at the top of a smooth metal tré sis, 
marbles, round pencils, hexagonal pencils, blocks of wood of several ned 
flat plastic objects such as combs, glass objects such as square-sided me 
cine vials, and metal objects such as spoons or knives, Tilt the tray en 
Record the sequence in which the objects start to slide. Why didnt 


all start to slide at one time? Pupils hypothesize. These questions cap 
investigated: 


When two surfaces are in contact 
face in contact with another surfa 
Does the kind of surfac 
have any effect? 


f sur 
» what effect does the amount bject 
ce have on the motion of an ° bject 
e have any effect? Does the weight of the 


Developing the Concept 


Investigating the force of friction. Th 


text 
e first two paragraphs of the 
lay the groundwork for the i i 


xerte 
glides 


(two surfaces in contact), 0 
(a point on a round surface in 


er i ases 
gravitational pull) inoi aati 


can the resisting force 


; surface. / ? 
a door opens with difficulty, sed? (Roughening the ork 


ic at W 
squeak, what force is be sous! 
e 


ON 
ACT: 
UNIT FOUR / MACHINES IN 


does using wax or soap make it easier to open windows or drawers that 


tend to stick? 

Investigating surfaces. Encourage close observation of different sur- 
faces with a magnifying lens—table tops, blotters, rubber matting, etc, as 
well as aluminum foil, wax paper, etc. What surfaces will offer the great- 
€st resistance to a force applied to put an object on them in motion? Or 
blindfold yourself and have a friend place different kinds of surfaces in 
front of you. Feel them with the fingertips and indicate which surfaces 
will offer the most friction. Verify by the techniques in the investigation 
on page 181, i 
_ Rolling friction. In addition to using the juice can as suggested in the 
investigation, use a baby food or mayonnaise jar. Mark the line where it 
is in contact with a surface. As you roll the jar, what happens to ned 
‘act line? (It moves off the surface and is replaced by another line. ) van 
Pare with a wheel, What happens if the surface becomes smooth, TE icy 
road may in winter? (The wheel skids.) How can we prevent s - 
Pupils may wish to examine tire treads to see how ar Feet in 

A nvestigate why sand is spread on highways. Highwey > (the roadway 
ten spread chemical substances to melt the ice. Why! ) 


“neath has a rough surface.) 
Sing the force of friction. Is friction war ae 
iets « friction against the winding, inclined pl 
icycle? ether. What force do you mak 
ou i Different kinds of bottles an Da 
ing ed tighten a screw cap on a Jat aioe 
Sekh much force they must use to OV a 
re ul friction may be cited. Incidenta!) : 
vi Made of cast iron while the rails are ma 


in i tact t0 8 
tion NOUgh friction at the point of con 


use friction caps. 
Is try to remove it, not- 
e friction. Other forms 


the wheels of a railroad train 


e of steel. 


ive the locomotive trac- 


Exteng; | 
a a ould you reduce the force of fric- 
could y 


Tick} ri 
ie on an raai se oe as jd drag @ heavy crate up it wit 
‘ Soin plang so hate a in the investigation, devise 


° i i ted i s 
ee ae ort with different surfaces. 


invest z i 3 ; 
Hoy, stigation to measure the difference 1 ohn) sect ie ellos? needed! 
fa s together rapidly 


s vola rollers (dowel pins oF roun p una 4 pi 
an S lost in overcoming friction! > (H eat.) Now diye a mi is 
; ihe ae d Ise is *° .. Feel the nav. n- 
te ck of ec al n = ie wil claw liamier Fee hen they 272 
"toe 7 ens 0 engine partè Taen ove the parts is con” 

= ac (The ies that provides the force = oe machines) 

rato heat the effect of which is damaging i med on some marbles 

Tg ue i lect jar lids 0 
i 8 a ball- i del. Set & son, Collect j 
‘ ore coat eer duce the ait lest lid inside 
thre, tte the bucket. The marbles re rce place she sit 


Sizes so that one will nest in the 0 
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ACH 
T 
NG SUGGESTIONS 


The amount of friction depends 
upon the kinds of surfaces that are 
in contact. 


The less fwo surfaces are in contact, 
the less the friction between them. 


Friction is sometimes useful. 


Equipment and Materials 
.. bucket 
.. sand 

... marbles 
. . 8 sizes of jar lids 


(Text pages 182-83) 


(Text pages 183-88) 


SUBCONCEPT 
Work is done only when an object 
is moved through a distance. 


Processes emphasized 
Inference 
Hypothesizing 
Theorizing 

Concept formation 
Testing 

Investigation 


A simple machine multiplies effort 
but does not increase work. 


Equipment and Materials 


See text page 185; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


The pupils infer relationships and 
develop an equation for work, 


e 
the middle-sized lid with a ring of marbles in the space oe 
largest lid should rest on the marbles and clear of the tab a a 
weight on the jar lid and spin. The pupils, using this as a mo ie of 
surround it on the science display table with examples or illustra 
machines using ball bearings—roller skates, as one example. 


Reviewing the Concept 
Before You Go On. A. 1. b 2a 3.b 4a 


Using What You Know. Use the small logs as rollers. 


Section 6: IS MORE WORK DONE? 
The pupils review some of th 
discover that the amou 
ship between the fore 
which it moves, 


; d 

ed an 
e simple machines they have ma bis 
nt of work done, in the scientific sense, is a through 
e needed to move an object and the distance 


Introducing the Concept 


Do any of the machines we hav 
you do less work 


Developing the Concept 


3 h “A 

The work of a simple machine, After the pupils have read throug ake 

New Concept of Work” call for any revision they may wish to tro" 
of their hypotheses, It ma 


Work equals force times distance, 
the investigation compare? (It is the 
ment change, using the inclj 
distance measurement thro 
longer.) Can we set up a 


f 
50 
How does work done in both i 
Same.) How does the effort oes w 
ned plane? (It becomes less.) How p (It 
ugh which the skate is moved ching. Onc? 
” equation to describe this relationship? 
T-88 


10 
ACT: 
UNIT FOUR / MACHINES IN 


an a E ks 
pproximation has been voiced, place the equation W = F x D on the 
ate is lifted? When it is pulled 


cha 
up a bigs are F x D when the sk 
boili aa The work done is seen to be approximately the same in 
has kaprena. although it will be seen that friction has an effect. What 
troduce ec o F (effort) in the second instance? You may wish to in- 
tance and he i of work which is measured by combining units of dis- 
could you A = weight, as foot-pounds, inch-ounces. How much work 
see how the w ENS effort is doubled? (Twice the amount.) Can you now 
© more ai multiplies effort? It makes work easier, but you don’t 
Investigati unless you change the effort y 
Various Be the pulley system. Pupils m 
» if haa systems and use various weigh 
Cover that: ime permits additional investigations. The 
rthatW=FxD 


you put in. 

ay be encouraged to set up 
ts as described on text page 
y will again dis- 


Exteng; 
ending the Concept 
Cept of igating work and the lever. How does a lever illustrate the con- 
ample work? Let the pupils design an investigation to find out. For ex- 
Ple, place the fulcrum so that the effort arm is four times as long as the 
ight of the load times 


Tesi. 
Stan 
c 
e arm, The work done is, of cours®, the wei 
mount of effort times the distance 


è hes 
hae pak is lifted, and equals the a ee 
nce fro: hich the effort moves. How does the effort vary with he dis- 
“tort m m the fulerum at which it is applied? How does the distance the 
Work ae vary? How does the placement of the fulcrum affect the 
e ekor e? Does the load times the height it is moved always equal 
nvesti force times the distance it moves? 
“ect of gating the effect of friction- In Secti 
Surfaces the types of surfaces on the effort nee è 
are rough, as on an inclined plane, is more work done to raise an 


st 
Jeet . . 
l foot than if friction is reduced? The investigation 0P page 185 


How -© Set up in the same way, SU plock for the roller skate. 
Perha © you explain the oe i ment of the effort force? 
been Ps the force needed is 23 poun?®: d of effort must have 
tha ed to overcome friction. The actual WO eems to be more 
< Way © work we set out to do. With every machine, the work put in 1s 
Int i a little more than the work got ers must take friction 
Plie Ccount in order to know how much additional effort needs to be sup- 
wa a Order to design machines that will do a given job. Sometimes We 
p Tea tiction to work for us. A small force applied to the brakes on a car 
Friction: the friction. Soon the force of friction stops the forward motion. 
n reduces speed and decreases distance. 


ta 


on 5, pupils investigated the 
ded to move an object. If 


Rey; 
View; 
Sine the Concept 
ou Go On. A. la 2b 32 4.a 


Sin 
at You Know. The correct answer is b. 


ACH 
INi 
G SUGGESTIONS 


Pupils verify the concept by investi- 
gating a different machine. 


(Text pages 187-88 ) 


(Text pages 189-91) 


CONCEPTUAL SCHEME 

When energy changes from one 
form to another, the total amount 
of energy remains unchanged, 


UNIT CONCEPT 


The amount of energy gotten out 
of a machine does not exceed the 
energy put into it. 


Where does the force to do work 
come from? 


How do fools multiply force? 


What does work output mean? 
How do you measure work input? 


Does work input always equal work 
output? 


‘ ble 
On Your Own. Archimedes could have used a wheel and axle with eat 
pulley or a block and tackle, for example. The effort must move 10 s 


Section 7: THE MAIN CONCEPT: 
ENERGY, MACHINES, AND WORK 


ergy 

The pupils relate the concept of work to the larger concept of wre 

and its transformations. They see that the energy that furnished the oe 
force to move machines is transformed into work and another fort 


i i Ree t nor 
energy. Work input is equal to work output. Energy is neither los 
gained, 


CONCEPT SUMMARY 


a lever to raise a load, pull ae 
heel of a wheel and axle, on y: 
supplied by the energy in your stand 
ipils review their earlier unders foo 
and trace their own energy through te ds of 
t, and eventually to the sun. To what ae en- 
changed in this sequence? From soe ap” 
rgy to mechanical energy, when a force real 
plied to move an object. At this time, pupils may be encouraged tO 


jes” 
s e q" 
ends man’s hands and arms. These 4 of 


body? 


en you have a piece of work 
(Multiply the distan: me 

, an 
pils cite examples on b $a © weight of the load Jou want to ™ 


ou” 


When you use a machin. 1’ stigations to support their ans! ork yo” 
really have to ‘do? AA r do you measure the amount ya on dis’ 
: asure t A i 
tance the effort force travels. ) set doves and ii a 
Let us assume so; 


me fi 
machine, In pulling a b] gures for th 


ut ° 
e work input and work outP™ ppe 
ock u 


; 3 nds y 
ing the same load the ș Work input) equals 2} foot-POUNC™ foo 


What has h 


ls that as su 
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nA 
UNIT FOUR / MACHINES ! 


generated, and that heat is a form of energy. As the pupils will discover 
vork. Some of the 


în Unit Five, heat energy can also provide a force to do v l 
energy put into the machine is got out as heat energy—@ kind we don't 
Want with simple machines. 

Ask what Archimedes meant when he said, “Give me a place to stand 
and I will move the earth.” How could this statement be applied to the 
ever? (A long enough effort arm would multiply force enough to move 
a large mass.) How does what you have learned suggest ways to select 
the right tools for a job? For example, would you use a small-handled or 
a large-handled screwdriver to turn a large screw? Would you choose a 
Small wrench or a large one to join two threaded pieces of pipe together: 
Why should a bicycle be oiled regularly? Encourage pupils to suggest 
'nventions that would multiply force or reduce resistance. 


FI 
XING THE MAIN CONCEPTS 


Testing Yourself. I.b 2a 3a 44 and b are ag 
wuchine does not produce energy, but merely transmits 1t. 
es check with the glossary on text page 422. m - 
Malek Test. 1, (Left) wheel and axle, inclined plane, wedge; qa saan 
me lever. 2. a, Wheel and ade circular Weg TS inclined plane (or 
ren) es ing a res 00 dra e 


z re 
i i h there may be mo 
ichines, suck or motorboat, m whic d axle as a 
ə Such as a lawnmower nize a wheel and a 
an one hey recog 


i of each simple machine. Itt i ood illustration. 
ever, a sea rinie or pencil sharpener is a £ 


but c is false; a 
5. Pupils’ an- 


How can the concepts of machines 
help you in using tools? 


(Text pages 190-93) 


UNIT FOUR 


MACHINES 
IN ACTION 


Look at the picture. It is a scene of a favorite sport of many people 
Study the picture carefully and then see if you 
can answer this question: Would you say that work is being done? 
A scientist would, but he has a special reason for describing the 
aei ork. Do you know the reason? How many things can 
ana aes finished studying this 


; . + ec? When you have 
you identify as machines! ) ngs 
unit. look back to this introduction and once again list all the ma- 


ictur may be surprised. 
chines that you find in the picture: You may 


ily life. Today, we could not get along 
all started as extensions 


all over the world. 


Machines are a part of our daily © 
without them; but in the beginning, they 


of the human body—to assist in the action O 


arms and legs. For example: 

Suppose you tried to lift your father with one hand. Could you do 
it? Perhaps you are not strong enough, but the picture on top of 
the next page shows how you might do it by using a machine to 


j “ce of your muscles. 
an 


From the Stone Age cave 
to man’s fantastic SY a 
applied his mind to our W 
brain and hands, i 


ment and let machines 


f the muscles in your 


í attempts (to make 4ools 
.chnology of today, man has 


his unit explains how man uses his 


q skill, to change his environ- 
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MULTIPLYING A FORCE 


1. Multiplying the Force 
of Your Muscles 


Andrew had hurt his leg and had to 
use a wheelchair to move about. T 
door to his home, however, was t 
steps up from the sidewalk. Andre 
muscles could not supply enough 
force to lift him and the wheelchair 
up the steps together; so how could 
Andrew get up the steps in his 
chair? 

Andrew’s father laid boards over 
the steps to make an inclined plane 
(in-klind’ plan), m Then Andrew 
could move from the bottom of the 
first step into the house. Andrew was 
using a simple machine, an inclined 
plane, to help him get up the steps, 

An inclined plane is a simple ma- 
chine, but what makes an inclined 
plane a simple machine? The investi- 
gation on the opposite page will help 
make the concept of a simple machine 
easier to understand, 


he 
wo 
W's 


wheel- 
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An Explanation 

When you lifted the skate straight 
up with your hand and arm alone, the 
entire weight of the skate was re- 
corded by the spring balance. You 
were using only the force of the mus- 
cle in your arm to hold up the skate. 

When you rolled the skate up the 
inclined plane, the plane itself sup- 
ported part of the weight. The rest of 
the weight was still supported by your 
arm. The scale on the spring balance 
recorded less weight (force), because 
the inclined plane was helping your 
arm to support the skate. The in- 
clined plane therefore increased the 
smaller force you were applying so 


AN INVESTIGATION into an Inclined Plane as a Simple Machine 


Needed: a roller skate; some books; a 
spring balance; and a board about 
2 feet long 


Stack several books to about 1 foot high 
on a table. Slowly and smoothly, lift the 
skate with the spring balance from the 
table to the top of the pile of books. The 
indicator on the spring balance shows 
how much force is applied to lift the 
skate. E 

How much force does it ta 
the skate to the top of the books? 

Now place the board so that it slopes 
upward from the top of the table to the 
top of the pile of books, making an in- 
clined plane, as shown.@ Slowly and 
smoothly pull the skate with the spring 
balance up the inclined p 
of the pile of books. 

Does it feel as if you are using more 
force or less force than when you lifted 
the skate straight up to the to of the 
books? 

The spring balance a8 
much force is needed tof 
to the top of the pile of books. 

Now how much force does it take? 
Repeat the investigation to make sure 
your results are correct. Does it take 
more force, the same force, or less 
force to get the skate to the top of the 


pile of books, when using the inclined 


plane? How does this show that the in- 
clined plane is a simple machine? 


ke to lift 


lane to the top 


ain shows how 
aise the skate 


Additional Investigation: Make the in- 
clined plane steeper by putting more 
books on the pile. How do you think this 
will affect the force needed to raise the 
skate to the top? With the spring bal- 
ance, measure the force to see if you 
have predicted correctly. 
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that you could l 
as before. This 
that simple mac 
multiply force. 


Tf you were to lift your father on a 
jack, the force of your muscles would 
be multiplied, Tt might take four of 
you to lift a grown man without the 
help of a simple machine, With a jack, 
however, one of you can do it alone. 
There are different kinds of jacks. 

ach one is made up of simple ma- 
chines that can multiply force. 


You could lift a grown man another 
way. Look 


ift the same weight 
is one of the things 
hines can do; they can 


- = YOu push the lever down on 
one side of 


Y doing the investiga- 
© Opposite page. 


AN INVESTIGATION into Another Simple Machine, a Lever 


Needed: several books; a 12-inch ruler; g 
the back of a chair; a piece of 8 
string; and a spring balance 


Lift a book using the spring balance, as 
shown in the picture. m How much 
force must you apply to lift the book? 

Now use the ruler as a lever with the 
back of the chair being used aS the ful- 
crum. Fasten the spring balance to the 
ruler, as shown, and lift the book. © 
What does the spring balance read? Are 
you now applying a smaller force to lift 
the same book? 

Tie another book to the first one, and 
lift the two books. a Does the lever help 
you to multiply your force? One person 
found that the spring balance read 
about the same when he lifted two 
books with the lever as whenine lifted 
just one book without t 
force of his muscles Wa 
cause of the action of the lever. 
Additional Investigation: Try using the 
lever to lift several di 
weights. For instance 
weight of 1 pound, 2 pounds, 
10 pounds. Make a chart and record the 
amount of force needed to lift each 
weight. Be sure to keep the fulcrum IN 
the same place. 

Before you do the inves 
dict. howe manyatimesntiemie= 
multiply the force. 


or even 


tigation, Pre 
r wil 


The Ways of a Simple Machine 

A lever is a simple machine; so is 
an inclined plane. Both can increase 
or multiply force: but some simple 
machines can be used for ot 
poses. Let us study tw 
machines. One of the 
wheel of a bicycle or automobile; the 
other is the pulley used on a flagpole, 

Turn a bicycle upside down and 
examine the rear wheel. & It is fas- 
tened to a small shaft called an axle. 
Together they make another type of 
simple machine called a wheel and 
axle. Turn the pedals slowly, and 
watch the wheel as it mo 
see where the force is b 
to the wheel? Look at 
You will see that the f 
from the drive chain is being applied 
to the axle. Turn the pedals once 
again. Be sure you know where the 
force is being applied. 
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her pur- 
© more simple 
m is the rear 


ves. Can you 
eing applied 
the picture. 
orce coming 


Now place a sticker or a piece of 
tape on one of the spokes near the 
axle, and another sticker on the tire at 
the wheel’s outer edge, as shown in 
the illustration. Turn the wheel again 
and watch carefully to see which 
sticker is moving faster, the one nearer 
the axle or the one on the edge of the 
wheel. If you are not sure, ask your- 
self which sticker is moving a greater 
distance. The sticker on the edge of 
the wheel moves at a greater speed 
than the one near the center because 
it covers more distance in the same 
amount of time. A simple machine 
such as the wheel and axle, then, can 
be used to multiply speed. 

There is another kind of machine 
that you have probably seen often, 
even though you may not have 
thought of it as a simple machine. 
Watch a flag being raised. How is 
it done? 

At the top of the flagpole, there is 
a kind of grooved wheel with a rope 
around it called a pulley.® The type 
used on a flagpole is a fixed pulley, 
because it is fastened to the top of 
the pole. Tt is not like the wheels of a 
bicycle, which take you from place to 
place, Without the help of the pulley 
and the rope it would be difficult to 
raise the flag to the top of the pole. It 
would be necessary for someone to 
climb the Pole each day. 

With a pulley, the flag goes up, as 
the rope is Pulled down. The fixed 
pulley, then, is a simple machine 


which changes the direction of 4 
force. 


Look at the picture. The force is in 
a downward direction while the flag 
(the load) is going up. 

Fixed pulleys are used for many 
purposes. They are used to hoist a 
load aboard a large ship, to raise oF 
open the curtain on a stage, and in 
some schools, to open and close the 
high windows of the auditorium OY 
gymnasium. Can you think of any 
other uses for which fixed pulleys 
may be used about your school or 
home? Wherever a single fixed pulley 
is used, the direction of the force is 
changed by the pulley. Changing di- 
rection is another possible use for a 
simple machine. 

Now it would be useful to review 
what you have learned about the use 
of simple machines. 

Simple machines can increase O" 
multiply a force. You can lift a heavier 
Weight with a smaller force. A lever 
and an inclined plane 
amples of machines tha 
force. What examples of le 
clined planes have you used! 

Simple machines ca” increase OF 
multiply speed. Drive wheels on DF 
cycles and automobiles : 
amples of machines 
speed. In cars, 
and buses, a force fr 
applied to an axle and thereb 
a wheel. In each of these yehicl 
Wheel and axle is used to multiply 
Speed. 

Simple machines ¢ 
rection of a force. A 
ood example of this 


an change the di- 
fixed pulley * a 
kind of machine. 


You have found out, then, that a 
simple machine is a tool which can 
multiply a force, multiply speed, and 
change the direction of a force. 

You must have used at least one 
simple machine today. Perhaps it was 
a lever, an inclined plane, a wheel 
and axle, or maybe it was a pulley. 

Have you used a doorknob? a 
faucet? some scissors? shop tools? 
steps? a window shade? a light 
switch? a radio knob? or even your 
arms and legs? Do any of these con- 
tain simple machines? Yes, they all 
do, but this is just the beginning. 
bly realize by now that 


You proba 
simple machines can also be found in 


larger, more complicated machines, 
such as the automobile or bicycle. On 
the automobile, for example, the door 
handles, accelerator pedal, window 
cranks, gear shift, and directional sig- 
nal switch are all forms of simple ma- 
chines. As you read on, you will see 
why. 

But first, what about your bicycle? 
How many simple machines does it 
contain? You already know about the 
wheels. What about the pedals? or 


the handlebar? 
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BEFORE A. Study the statements 


below and choose the correct re- 
YOU GO ON 


sponses. They will help you fix in mind the concepts of this 
section. 
1. A simple machine can 
a. multiply a force b. make a force 
2. A single fixed pulley is a simple machine that can do 
which one of these things: 
a. multiply force 
b. move from Place to place 
c. change the direction of a force 
3. The rear wheel of a bicycle is a simple machine that can 
do which two of these three things: 
a. multiply a force 
b. multiply speed 
c. Move from place to place 
B. Write a 


paragraph or two on this to 
Machines 


Pic: How Can Simple 
Help Us to Do Work? 


USING WHAT L. In your home, you probab] 
YOU KNOW 


of any simple machines 
reful investigation should 


ON YOUR own 


Will you need to appl 
y More force to the 
board in this new position? Pull the skate up 
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2. The Levers You Use 


Today, you may have used a pair 
of scissors, pried open a can with a 
screwdriver, or opened a big packing 
box with a crowbar. You may have 
cracked a nut or pruned a branch 
from a tree. 

If you have ever pried th 
a paint can with a screwdriver, 
probably gave no thought to the mat- 
ter. You just put one end of the screw- 
driver under the lid, pushed down on 
the other end, and up came the lid. 
Have you ever wondered why you 
used the screwdriver in the first place? 
Think about it now and see if you 
know the advantage in using one. 

In each case, you would have used 
a lever. A lever is an important simple 
machine. How you use it is even More 
important. Knowing where to put the 
fulcrum is most important of all. 

Look at the diagram below.® 
Notice the position of the fulcrum. 
The distance from the effort to the 
fulcrum is much greater than the dis- 
tance from the fulcrum to the load. 
What is the advantage of this arrange- 
ment? Suppose the load and effort 
were reversed. Do you know any sit- 
uations in which it would be an a& 
vantage to have the effort nearer the 
fulerum? 


e lid from 
you 


As 


It is easy to recognize that a see- 
saw is a kind of lever. The smaller 
child is using one to help him lift the 
larger boy. A If he is to succeed, 
where should the fulcrum be placed? 
Where in the pictures is the effort 


being applied? Which of the boys is 


the load? 
We live with and use many kinds of 


levers every day and there are basic 
principles or rules that all levers fol- 
low. For instance, there are only three 
things to consider—the load, the effort, 
and the fulcrum, and there are only 
three different ways they can be ar- 
ranged. To understand why this is 
true, start with the investigation on 
the next page- From there you can 


look next at all levers. 
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AN INVESTIGATION into the Location of the Fulcrum 
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Needed: a weight to be lifted (a papet 
weight will do); a ruler or yardstick; 
a support to act as a fulcrum; and a 
spring balance 


Since there are so many levers every- 
where, you can investigate them either 
at home or at school. 

Make a fulcrum by cutting a small 
box top diagonally, as shown in the pic- 
ture; use a ruler or yardstick as the lever 
itself. 

Place the weight to be lifted on the 
lever with the fulcrum placed first in the 
Position shown. m Notice that the ful- 


Crum is near the Point where you apply 
the force, as 


(the | 
using 


the difference will 
e fulcrum is Placed somewhere 
else. Try Placing the fulcrum under the 
ruler in a position near the object to be 
lifted.® The object to be lifted by the 
lever is Called the load, Now lift the 
load again. Are the results the same as 
they Were the first time? Are they the 
Same as those in the picture? How do 


YOU account for the difference? 
Ty lifting the toag with the fulcrum 
placed near the midd| 


be if th 


the positions of the ful- 
crum did it take the least effort to lift 
the load? : 


A Problem—Finding the Fulcrum 

Scientists use a special name for the 
force applied to a simple machine; it 
is called the effort. The place where 
you push or pull on a lever is the 
point where the effort is applied. 

A load can be moved most easily 
when the fulcrum is farthest from the 
place where the effort is applied. A 
lever set up this way is the best for 
multiplying a force. 

Examine two types 
shears, one with long 
other with short handles. 
different kinds of scissors. 
ways are they different 
think they are differen 


of pruning 
handles, the 
Examine 
In what 


2 Why do you 
t? How are 


shears and scissors alike? Shears and 
scissors contain two levers that are 
fastened together and share a single 
fulcrum. Which kind of shears would 
be best for cutting a thick twig, the 
one with long handles or the one 
with short handles? Can you explain 
your answer in terms of levers? 

Clearly a lever can be very useful 
to us if we know where to place the 
fulcrum and where to apply the ef- 
fort. Study each one of the levers in 
the picture, and for each one find the 
following three things: E 

a. the load 

b. the fulcrum 

c. the best point to apply effort 


YOU GO ON sponses. They will help you fix in mind the c 


ON YOUR OWN 
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BEFORE A. Study the statements below and choose the correct re- 


oncepts of this 


section. 
1. One of the following is not likely to be used as a lever. 
It is a 
a. seesaw b. screw 


c. crowbar 


2. A load can be moved most easily when the fulcrum is 


located at a certain 
applied. That point is 
a. nearest to the effort b. farthest from the effort 

3. Where should the fulcrum 
the load in the picture? m How 
crum affect the usefulness of a le 


B a 


be placed for ease in lifting 


does the position of the ful- 
ver? 


B. Write a paragra 


ph or two on this topic: How Levers Help 
to Do Work 


, there wil] also be a ch 


hange in effort corresponds 
ange in load, Yı 


ou can weigh the load 
your spring balance. : out 
results after each trial. Write down y 


_3 ee es 
Finches inches e] 
eraser 


eraser 


B. Try This Investigation 
Make a catapult (kat’a-pult) with a ruler and two erasers. A 


When you pound your fist down on the short end of the lever 


the load shoots up wi 
Which force do you think is great 


th great speed. @ Can you explain why? 
er, the effort or the load? 


fulcrum 


they are moved up or down. If you 


3. Uses of P 
. ulleys 

y could look inside the box at the top of 
the blinds, you would find a pulley.* 


Perhaps your classroom has shades 

which can be pulled up and down Jf you have ever lived on a farm or 

with a cord or it may have venetian visited one you may have seen pulleys 
being used. Imagine carrying a large 


blinds. You may have wondered how 
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bag of feed up a ladder into the loft. 
It would be difficult to do without 
help, and the best help is from a ma- 
chine. 

Bags of feed are often lifted as 
shown in the picture, m The load 
moves up as the effort is applied 
downward. The effort applied must 
be as great as the weight of the feed. 
The fixed pulley changes only the di- 
rection of the effort, making it more 
Convenient for the person who is do- 
ing the work. It does not multiply the 
effort he applies. 

Fixed pulleys make it more con- 
venient to do many tasks. You can use 
them to help hang out the wash or to 
lift the sail on a sailboat. A fixed 
pulley changes the direction of the 
pull; but this is not all that pulleys 
can do. The investigation on the op- 


Posite page shows more about the 
uses of pulleys, 


Lifting an Iron Beam or Piano 
It is not eas 
top floor of a 


arge enough; or it 
can be lifted up with a combination of 
xed and movable 


€y do? Investi 
out the purp nvestigate to find 


ose of a block and tackle. 


AN INVESTIGATION into the Use of a Pulley 


Needed: some heavy cord; several 
bricks; some small pulleys 


Tie a heavy cord around a brick, and lift 
it with one finger. It is not very easy to 
do. Be careful not to lift the brick di- 
rectly above anyone's feet, in case it 
should fall. The cord will probably 
squeeze your finger. 

Obtain some small pulleys or make 
them out of empty thread spools, wire, 
and nails. Fasten one of the pulleys 
to a solid support, such as an overhead 
bar, or to a hook on the wall. Place the 
string over the pulley and lift the 
brick. Is it easier this way? Or is it 
really true that a fixed pulley only 
changes the direction of a force? 

Another type of pulley you can try is 
called a movable pulley. Attach a mov- 
able pulley, like the one shown in the 
picture, to your load.@ Tie one end of 
the cord to the fixed support and lift the 
same load by pulling UP on the other 
end of the string. Does lifting the brick 
seem any easier now? Is a movable pul- 
ley another simple machine that can 
multiply the effort you apply? 


Additional Investigation: Repeat the in- 
vestigation above, but this time use a 
smaller weight and a spring balance to 
measure the effort. How many times 
does the movable pulley multiply the 


effort? 


167 


Examine the block and tackle in 
the picture. A block consists of a 
pulley wheel or of several pulley 
wheels in a frame. Each of the blocks 
shown in the illustration contains two 
pulley wheels. Notice that one block 
is fixed, while the other is movable, A 
block and tackle is usually a pair of 
pulley blocks. 

The number of lines running 
through the pulleys is very important, 
In the block and tackle shown in the 
illustration there are four such lines, 
It is possible for one man to lift a 
heavy beam with a block and tackle 
of this type. How can he do it? You 
can find out by doing the investiga- 
tion on the opposite page. It shows 


effort multiplied 
by four 


effort 
50 grams 


© 
two strings 
2 
effort 
doubled 
effort 
100 grams 
load 
200 grams 


how to make and 


of the larger block 
workmen. 


use a small model 
and tackle used by 


An Explanation 


What is the difference between the 
two pulley systems s 
page? Study them car 
that one has two stri 
the movable pulley; 
four. 

With two stri 
100 grams w 


hown on this 
efully. Observe 
ngs supporting 
the other has 


ngs, an effort of only 
as applied to lift a load 
of 200 &rams.® Each string sup- 


ported 100 Srams, or one-half the load 
of 200 &rams. Therefore with two 


200 grams 


fixed pulley merely changed the direc- 
tion of the effort, 

With four Strings Supporting the 
movable Pulley block, an effort of 
only 50 grams can be applied to lift 
a load of 200 Srams. Each string sup- 
ports a wej 


ght of 50 grams. The fifth 
string changes the direction, B 


AN INVESTIGATION into Using a Block and Tackle 


Needed: a set of small weights; a spring 
balance; two single and two double 
pulley blocks; several feet of string 


If you cannot obtain a set of small 
weights, you can make your own by 
pouring different amounts of sand into 
several small jars or plastic bags. Weigh 
them with your spring balance, and la- 
bel each one with its correct weight. I 
The group of students that did this in- 
vestigation weighed their sand in grams, 
which is the basic unit of weight in the 
metric system (454 grams are equal to 
one pound). You may use the system 
you prefer, the English or the metric. 
Set up the two single pulley blocks, 
as shown on the opposite page: This 
makes a block and tackle with one 
fixed pulley and one movable pulley. 
How many grams of effort are needed 
to lift a 200-gram load with this block 
and tackle? 
Now set up the double pulley blocks, 
as shown.@ The block and tackle in the 
picture is a model of the one the worker 


used to lift the steel beam. Lift the 
same 200-gram load with the double 
rams of effort do 


pulleys. How many 

you need now? (The students found 
they needed only 50 grams.) Why is less 
effort needed with the second pulley 
than with the first? After all, the load 
is the same in each case. What makes 


the difference? 
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a 
the results of your investiga- 
again and see if you can an- 
swer this question: Which of these 
three statements is correct? 

l. The fewer the number of 


strings used, the greater must be the 
effort applied, 


2. The fewer the nu 
lifting the load, th 
is multiplied, 


Study 
tion once 


mber of strings 
€ more the effort 


170 


3. The greater the number of 
strings lifting the load, the more the 
effort is multiplied. 

Which of these is true? The group 
of students performing the investiga- 
tion marked 1 and 3. Do you agree? 


A Problem 


You might see a block and tackle 


like that in the Picture almost any 
place where constru 


-Œ How many ropes 
are between the pulleys? If the beam 
weighs 1,000 pounds, 

pounds of effort must be 
lift the beam? 


how many 
applied to 


machine 


plied the effort by 4 
Pounds x 4 = 


What is the load? 


(500 grams + 100 grams — 600 grams) 
How many ropes Support the load? 
(six ropes) 


What is the effort? Why? 


How man 


‘any times did the machine 
multiply the effort? 


BEFORE A. Study the statements below and choose the correct re 


YOU GO ON 


ON YOUR OWN 


sponses. They will help you fix in mind the concepts of this 


section. 
All of the statements below are made about pulleys 


1. When the number of strings lifting a load is decreased 


the load is 
a. lifted more easily b. harder to lift 


2, When the number of strings lifting the same load is in- 
creased, the effort needed is 
a. less 


3. To lift 


we would 
a. increase the number 


of strings 


b. greater 


a greater load with the same amount of effort 


b. decrease the number 
of strings 


B. Write a paragraph or two on this topic: Pulleys. 


a spring balance, and pulleys, like those in 


A. Using a weight, 
69, see if you can find the answer 


the investigation on page 1 
to this question: 
What distance mus 


with a block and tackle? 
You can start with a block and tackle with four strings to 


lift the load. Measure the length of string you must pull in 


order to raise the load a distance of 1 foot. 
Then use a block and tackle with two strings between the 


pulleys. Again lift the weight 1 foot. What length of string 
must you pull to lift the load now? 


What is your co 


t you pull the string as you lift a load 


nclusion? 


B. In the Library 
] pound = 454 grams 
>? = 1,000 grams (1 kilogram) 
able. Then consult a dictionary or encyclopedia 


Finish the t 


d out about the metric system. 


to fin 
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4. Other Machines You Use 


Do you recognize a simple machine 
in the picture below?™ Can you tell 
what kind it is? 

First imagine a road going up a 
hill. It is the same as the ramp that 
Andrew’s father built for him, so that 
he could wheel the chair up into the 
house with less effort. Since a road up 

a hill is really an inclined plane, part 
of the weight of the object being 
moved up the hill will be supported 
by the sloping road, 
A road going up a hill multiplies 
the effort applied to move the load 
to the top of the hill. The principle 
is the same as that found in the in- 
vestigation on page 155. 
The ramp shown in the picture be- 
w winds around and around. It goes 
up and around to the observation 
tower. The winding ramp is an in- 


lo 


clined plane also. It is a winding, or 
spiral, inclined plane. A road winding 
up the side of a mountain is also. 

It is possible for heavy-duty trucks 
to move up the side of a mountain on 
a winding road. The more times the 
road winds around the mountain, the 
more gradual is the slope, or incline. 
The gentler the slope, the less effort 
it takes to get up the mountain. But, 
remember one thing, the distance th 
the truck travels is increased as t 
effort is decreased. This is an imp 
tant principle of simple machi 
What other kinds of winding incl 
planes do you know about? 

There is anoth 
inclined plane th 


at 
he 
or- 
nes. 
ined 


the opposite page. 


AN INVESTIGATION into a Winding Inclined Plane 


Needed: a sheet of paper; a pair of scis- 
sors; a pencil; a piece of wood; a 
screw; a screwdriver 


Cut an inclined plane out of paper. 
Make it 12 inches long and 6 inches 
high (as in the photograph) and wind 
it around a pencil.m Does it remind 
you of the threads on a screw? 

Examine a screw closely, perhaps 


with a magnifying glass. @ Trace the 

winding plane around the screw and up is, 

to the pointed tip. ’ 
Turn the screw into a piece of wood 

with a screwdriver. When the screw is © 


half way into the wood, stop turning and 


try to push it in the rest of the way with 


the screwdriver. IS it easier to push the 
screw straight in oF is it easier to turn 
the screw into the wood? When the 
screw is turned, its point is pushed 
ahead with greater force. 

Has the turning screw helped to in- 
crease the force of your wrist? The 
screw is another simple machine that 


can multiply a force- 
Is the screwdriver @ 


chine? If so, what kind? 
Fasten two pieces of wood together 


with a screw and then try to pry them 
apart. You will probably find this diffi- 
cult to do, much more SO than if the 
pieces were held together only bya nail. 
The screw multiplies the force which 
binds the pieces of wood together 


Iso a simple ma- 
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plane 
surface 


inclined 
plane 


Still Another Simple Machine 

An inclined plane slants up from a 
point. Cut two long planes, such as 
those shown in the diagram, and put 
them together. m By doing so, you 
have made another form of inclined 
plane called a wedge. 

If you have a chisel or a screw- 
driver, look at the tip where two 
plane surfaces come together, form- 
ing a wedge. When a chisel is forced 
into a piece of wood, it 
goes between the gra 
easily and pries the wo 

Once the sharp edg 
forced into any obje 
the object apart. 


s sharp edge 
ins of wood 
od apart, 

e of a wedge is 
ct, it can split 


As the effort moves the wedge for- 
ward it pushes sideways against the 
grain of the wood, This happens be- 
cause the greater thickness of the 
wedge exerts greater force as it moves 
into the grain. The wedge therefore 
changes the direction of motion. In 
what other way does the wedge act 
as a simple machine? Does it multiply 
effort? Does it multiply speed? 
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A wedge greatly multiplies force. 
It can do work that might be impos- 
sible if you used only your muscle. A 
wedge is one more simple machine 
which multiplies force. 

What other wedges have you used? 
Have you used a hatchet to split 
wood? A snowplow is also a wedge, 
as is a plow that tums over the soil. 

If you look about your home, you 
should find many kinds of inclined 
planes. How about the knives in the 
kitchen? Are they inclined planes? 

Can you think of a wedge that is a 
different shape? Some wedges do not 
have a straight edge at all. Instead 
they are round and have a sharp point. 
Think of a nail, for example. Does it 
act like a wedge? When a nail is 
forced into a piece of wood, the effort 
(which is forward) causes the nail to 


push sideways, separating the wood 
so it can enter, 


There are 
wedges. A nee 
is it not? What 
ting needle, or 
cone of a rock 
think of some 


many other round 
dle is a round wedge, 
about a pin, or a knit- 
a bullet, or the nose 


et? Perhaps you can 
more, 


Screw, remember, is 
turned. The effort rotates the screw as 
into the wood. 


Doorknobs as Simple Machines 
Every time you open a door you 
use a simple machine. Remove the 


knob from a door, as shown in the 
the door.® 


picture, and try to open 
It is not easy to turn the axle without 


the help of the knob. 

The doorknob is another example 
of a wheel and axle.® The knob, 
really a kind of wheel, is attached to 
a rod or axle. When you tun the 
wheel fixed to the axle, you increase 


(or multiply) you" effort greatly. The 
wheel and axle is a simple machine 
hen the effort 


that multiplies effort w. 
is applied to the wheel. For instance, 
the steering wheel of an automobile 


isa wheel-and-axle machine. It multi- 
> effort sO much that 


plies the drivers € 
he can tum a Car or a huge true 
with very little ¢ ort. i 

The bicycle wheel, discusse on 
page 158, is als 
it is not used 
speed. 
t? Why does 
han effort! 


bicycle whee 


it multiply SP plied? 


Where is the effort ap 


The crank on a pencil sharpener 
is also considered a wheel and axle; it 
can also multiply effort. Have you 
noticed that whenever you turn the 
crank around completely, it really 
outlines the shape of a wheel? 

Without the machine, you might 
find it just as inconvenient to sharpen 
a pencil as to open a door. 

The wheel and axle has many uses. 
Some examples are shown in the pic- 
ture. A Look at them carefully. Which 
are used to multiply force? Which are 


used to multiply speed? 
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The Uses of Gears 


A special form of the wheel and 
axle can be found inside of a watch. m 
It is the toothed wheel, commonly 
called a gear wheel, The teeth on a 


gear wheel make it possible for one 
wheel to turn another. 


Study the picture 
wheels can multiply speed. © The 
larger gear, with 24 teeth, turns a 
smaller wheel which has only 12 
teeth, or only half as many. The teeth 
of the larger gear fit into the teeth of 
the smaller gear, so that when the 
larger gear turns, the smaller gear 


to see how gear 
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must turn as well. For each turn of 
the larger gear wheel, the smaller 
gear wheel must turn two times, so 
the smaller gear turns twice as fast. 
Examine an eggbeater by turning 
the handle around once, slowly. A 
How many times does the beater turn? 
Ask two classmates to count the num- 
ber of turns that the beater makes 
while you count how many times you 
turn the handle. You may find that the 
beater makes about four turns while 
the handle is turned only once. Since 
the beaters turn more often th 
handle in the same time, th 
moving at a greater speed, 
Count the teeth 
wheels of the eg 
the 1 


the s 


an the 
ey are 


larger gear, times would 
the smaller Sear turn? Would the an- 
swer be four? 


The smaller Sear turns the beater. 
Why does the b 

faster than the 
beaters h 


used to change the 
ce? 


Compound Machines 
Many machines ar 
more than one kind 


e made up of 
of simple ma- 
kinds we have 


chine. Recall that the : lle 
been studying are yen pr n 
wheel and axle, inclined plane; 


wedge, and screw- Machines ani 
ing more than one kind of Lae 
chine are called compound ma 


* 


A pair of scissors is a compound 
machine. It has two levers fastened 
together at the fulcrum, and the cut- 
ting edge on each of the blades is a 
wedge. Therefore all scissors, shears, 
and the like, are compound machines 
containing levers and wedges. Both 
the lever and the wedge are simple 
machines which may multiply effort. 
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Another compound machine is the 
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Below is a list of the six basic 

simple machines that can be com- 
grinder is really part of a wheel and bined to form compound machines. 
axle. Look inside and you will find 


Which 
ched to a kind jack? 


; lever inclined plane 
pulley wedge 
wheel and axle screw 


of them are combined in a 


c. nutcracker 
- ramp 


b. meat grinder 


3. A wedge acts like 
a. a pulley c. a lever 
b. an inclined plane 

4, Two of these which have gears as part of them are 
a. a bicycle c. a doorknob 


b. an eggbeater 
B. Write a paragraph or two on this topic: The Uses of Gears 


USING WHAT J. If you wanted to bind two pieces of wood togethe 
4% 


YoU KNOW tightly, you would use a 


a. nail b. screw 
Why? 
2. Which of these have wedges as part of them? 
a. screw d. knife 
b. chisel e. axe 
c. pole f. nail 


In the Laboratory 
Cut two gears out of cardboard which have the same num- 


ber of teeth as those shown in the picture.4 Be certain to fix 


that t 


ON YOUR OWN 


the gears so he teeth fit each other (that is, so that 


they mesh). 


Suppose th 
that is connec 


f the gears is connected to an axle 


e smaller o 
eel, as shown in the picture. Then 


ted to a wh 


answer the following questions: 


1. For each complete movement of the 
larger gear, how many times does the smaller 


gear move? 


2, If the small gear were made even 


smaller, would the wheel attached to it move 


faster or slower? Why? 

3. Make several other combinations of 
gear wheels, for example, one that multiplies 
speed by 3, or multiplies force by 23. 
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5. A Resisting Force 


Do you live in a part of the country 
where you can ice-skate? If so, you 
may have sometimes wished that the 
ice were not so smooth, so that you 
could glide more slowly. Why do you 
glide so smoothly on ice? 

The sharp edges of the skate blade 
are really wedges, simple machines. 
This kind of machine bites into the 
ice and helps to keep you from skid- 
ding sideways, yet a push sends you 
forward. If you were to spread sand 

on the ice, what would be the action 
of the sand? The investigation on the 


opposite page will give you some 
clues. 


The Force of Friction 


Why is it harder to pull the block 
over the rough surface of the sand- 
paper? Each time you pull the piece 
of wood across the table, your work is 
made harder by friction, Friction is a 
force that resists motion. It is caused 


by two surfaces rubbing against each 
other. The amou 


nt of friction depends 
on the types of surfaces that are rub- 
bing against each other. Since the sur- 
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face of the sandpaper is rougher than 
the surface of the tabletop, it causes 
more friction. It is harder to pull the 
piece of wood across the sandpaper 
because the force of friction is greater. 

Why is it harder to pull two blocks 
across the top of the table than to pull 
just one? It takes more force because 
the extra weight makes the bottom 
piece of wood press harder against the 
surface of the table. The force of 
friction is greater. 

Why does the can move farther 
when it is rolling than when it is slid- 
ing? It moves farther because there is 
less friction to slow it down. Remem- 
ber, friction is caused by two surfaces 
rubbing against each other. When sur- 
faces are rolling they do not rub 
against each other as much. Let us 
see why. 

Place a finger into the 
a juice can (be sure ther 
edges) and rest it 
of your hand. Mo 


Open end of 
€ are no sharp 
gently on the palm 
ve the hand under 


AN INVESTIGATION into the Force of Friction 


Needed: a piece of wood; a spring bal- 
ance; several sheets of sandpaper; 
some wax papel machine oil; a 
sheet of aluminum foil; an empty 


juice can 


d across the top of a 


Pull a piece of woo 
as shown. i 


table with a spring balance, 


What does the scale read? 
Now place another piece of wood on 


top of the first and pull both pieces 

across with the spring balance. What 

does the scale read now? Is a greater 
force needed? Why? 

Place several sheets of sandpaper on 

h surface UP: 


the table, with the roug 
Pull the piece of wood across the sand- 
paper. What does the scale read? 

a sheet 


Now, put some wax paper Or 
of aluminum foil on th Spread 
some oil on the paper or 0 
‘num foil. Pull the single pie 


across again. Does this take more or 
less force than at first? 

Place an empty tin can upright on the 
tabletop. A juice can will be fine. Give 
it a push. How far does it slide? Turn 
it on its side and push it again, so that 
it rolls across the tabletop. Does the 
can go farther when it is rolling than it 
did when it was sliding? Why? 


Additional Investigation: A transfer of 
energy takes place as a result of fric- 
tion. Several kinds of energy, such as 
heat energy, light energy, and sound 
energy can result from the mechanical 
energy involved in friction. 

Try rubbing your hands together 
rapidly. What kind of energy results? 
What kind of energy results from 
rubbing a violin bow against the strings 
or by striking a piece of flint against 


a steel file? 
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there is less rubbing of the two sur- 
faces against each other. Friction can 
be greatly reduced by using rollers. 

One of man’s inventions takes ad- 
vantage of a rolling surface to reduce 
friction. Some people think it is man’s 
greatest invention. It is the wheel, of 
course! Friction increases the amount 
of effort needed, but the wheel re- 
duces friction. 

Strangely enough, we sometimes do 
not want to reduce friction. There are 
even times when we want to increase 
it. Often we do not want wheels to 


move easily. Can you think of such a 
case? 


BEFORE 
YOU GO ON 


section, 


1. Of the followin 


friction is a 


a. wet road 


2. Of the two surfaces 


creases friction is a 


a. linoleum floor 


3. Which of the three things list 
friction most on a dry road? 


a. a sled 
b. a wagon 


4. The friction prod 
floor is greater when t 


a. full 


B. Write a paragr 
of Friction, 
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A. Study the statements below 
sponses. They will help 


uced by pullin 
he box is 


Imagine an icy road. What can be 
done to make it less hazardous? Sand 
is spread on the ice to increase the 
friction as wheels press on the road. 
Sometimes it is important to increase 
friction to prevent accidents. 

What happens when ice freezes on 
a sidewalk? Sand and gravel are 
spread to increase friction; otherwise, 
someone may slip and get hurt when 
he falls. What happens when one 
walks on a waxed floor? A waxed 
floor decreases friction, A heavy rug 
on a waxed floor increases friction. 

Friction retards motion: in so doing, 
it sometimes saves lives. 


and choose the correct re- 
you fix in mind the concepts of this 


& two surfaces, the one which increases 


b. dry road 
named below, the one which de- 
b. cement floor 


ed below would reduce 


c. a flat board 


& a wooden box across a 


graph or two on this topic: The Importance 


USING WHAT 


Some colonists wanted to move some ae log They bed 


YOU KNOW no wagons or animals. They had the large logs (which could 
be lifted only with great difficulty), and they also had some 


small logs. 
Invent a way 


the large logs could be moved with the help 


of the small logs, if only for a short distance. 


ON YOUR OWN 


A. You can show 


force 


B. Plan a demonstrat 
een two surfaces produces heat. Then determine 


he greater the friction between two sur- 
e heat produced. 


friction betw 


a way to show that t 
faces, the greater is th 


6. Is More Work Done? 


achine help you to 
iş is a very impor 
r answer 


Can a simple m 
do more work? Th 
stion. What is you 
g ahead? 
Recall that simple machines may 

force. They can 


be used to multiply 
also multiply spee¢ °" change the di- 
rection of a force. From this you 
might reason that a si chine 
can decrease the amoun 


be done. Before you decide, you ` 
need to do some more investigating. 


tant que 
now, before readin 


A New Concept of Work 
he table and 


Pick up a book from t A 
lift it about a foot oT more. The 
scientist would say you have done 


lifted an object 


some work. You have 
ou push the 


through a distance. If y 


In the Classroom or Laboratory 


(as in the investigation on page 181) that 
is needed to overcome the force of friction. 


ion to show others in the class that 


book across the table, you have also 
done work. You have moved an ob- 
ject through a distance. 

When you push a lawn mower, you 
are doing work. When you walk, you 
are still doing work. When you lift 
anything or move anything, you are 
doing work. 

Look up the word “work” in the 
dictionary. You will find many mean- 
ings listed for this important word. 
A scientist, however, is very careful 
to use a word in one way only. He 


must be sure that when he uses the 
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word, it will mean the same thing to 
any other scientist, anywhere in the 
world. To the scientist, then, the word 
“work” means only one thing. Its 
meaning remains the same whether 
the scientist is German, French, Rus- 
sian, Italian, or Rhodesian, 

Suppose you were to push on the 
wall of the classroom or of your 
home. E Even if you pushed as hard 
as you could, and even though push- 
ing against the wall might have made 
you very tired, the wall would not 
budge. A scientist would say you have 
done no work at all, 

In order to do work, you must 
move an object through a distance ,® 

If the object does not move, no 
matter how much force you use on it, 
you are not doing work. The object 
must move if work is done. 


Recall that scientists deal with both 
concepts and tools. All concepts in 
science must be clearly stated and 
understood if they are to be used. 

The scientist's concept of work is: 
When an object is moved through a 
distance, work is done. The scientist 
then uses the term “work” only as it 
applies to moving objects 

Man is able to do many things with 
the use of simple machines that he 
could not do without them. He can 
substitute the power he gets from 
wind, water, and other sources, for 
his muscle power, If you look at pic- 
tures of the pyramids of Egypt, the 
Grand Coulee Dam, or the skyscrap- 
ers in a city, you can see the results of 
using machinery, 

With all the work that is being 

one, we are apt to think we 
More energy or work out of a machine 
than is put into it. What do you think? 

_Try the investigation on the oppo- 
site page to find out whether the 
simple machine, a tool, really helps 


you to do more work, in the way a 
scientist ur 


can get 


nderstands the concept of 
work. See if you can keep an accurate 


„of the work done as the 
energy is transfe 


to another, 


account o 


1red from one place 


AN INVESTIGATION into How a Simple Machine 
Multiplies Force 


Needed: a board, 2 feet long; several 
books; a skate; 4 spring balance 


Prop one end of a board about 2 feet 


long on top of a stack of books. The ele- 
vated end should be about 1 foot above 
the tabletop. This simple machine was 
used in the investigation 0n page 155. 

This time, lift the skate a distance of 
just 1 foot, as shown in the picture. I 
Look at the scale to see how much force 
is needed to lift the skate. Now pull the 
skate up the whole length of the in- 
clined plane. You have pulled it a dis- 


tance of 2 feet. ® 


a A 
= 
= 
is 
| 
E —_ 


Does the scale read less when you 
pull the skate up the plane than when 
you lift it? Are the results about the 
same as before (page 155)? If so, you 
have confirmed your results by trying 
the investigation a second time. This is 
an important procedure in any investi- 
gation. One student found that when 
he lifted the skate without using the 
machine, the effort was 2 pounds. 
When he pulled the skate up the in- 
clined plane, the effort was 1 pound. 

He wrote his results in his notebook. 


Study them carefully. 


Distance skate was lifted: 1 foot 


Force needed: 2 pounds (32 ounces) 


Distance skate was pulled up inclined 
plane: 2 feet 


Force needed: 1 pound (16 ounces) 


Are these results similar to your own? 
How does the slope of the plane affect 
the amount of effort needed? 
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combined 


Something for Nothing? 
effort 
400 pounds 


The student found that it took less 
effort to pull the skate up the inclined 
plane than to lift it straight up. Al- 
though it took less effort to pull the 
skate up the inclined plane, he pulled 
the skate a longer distance (2 feet) 
than when he lifted it (1 foot). The 
work done was the same in each case. 

Yes, it took more effort to lift the 
same skate straight up; but in lifting 
the skate straight up, he lifted it a 
shorter distance (1 foot) 
he pulled it alon 

(2 feet). 
| 


In other words, the student moved 
e skate a longer distance with the 
machine. The machine multiplied his 
smaller force, but the machine did not 

weight of multiply the amount of work that was 
M pea, done. Why? He moved the same ob- 
ject (the skate) a longer distance on 

the inclined plane than when he 
lifted it straight up; but the final re- 
sult was that he lifted the same weight 


the same height. The work done was 
the same in each 


weight of 
beam 
400 pounds 


20 feet 
of rope 


than when 
g the inclined plane 


th 


combined 
effort 
100 pounds 


e. The force 
i a was multiplied by using the 
Mie clined plane, but the student had to 
} The wort + igs a greater distance. 
TK done was ¢ ; 
Pl case. he same in each 
-_ ee an ya 
ce ll 
ee " 
ae A 
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Another Example 
Look at the picture on the opposite 


page of the men lifting a beam weigh- 
ing 400 pounds. Suppose the men 
were to lift the beam straight up with 
just one rope. m Each man would then 
use about 200 pounds of effort. To- 
gether they would be using 400 
pounds of effort. 
Instead, the mer 
block and tackle, a simple ma 
The block and tackle had four ropes, 
as in the picture. E The machine 
made their work much easier. Their 
combined effort was 100 pounds. 


4 ropes X 100 pounds = 400 pounds 
(weight of the beam 

When the men lifted the beam 
straight up, they applied their effort 
through a distance of 20 feet. With 


a decided to use a 
chine. 


BEFORE A St 
you GO ON sponse 
this section. 

1. A piano weig 


each need to use a 


a. 125 pounds 


2, If one mal 
to lift the 5(00-poun 
a. 500 pounds 


3, Suppose 


four-rope bloc 


piano. How muc 


udy the statement 
s. They will help you 


hs 500 pounds. 
force of at least 


a used a pulley 
d piano, he wou 


a man coul 


kand tackle, 
h must the piano weigh? 


a. 800 pounc S 


the block and tackle, they had t 
move their effort through a f rede 
of 80 feet. The distances were pr 
mined by the lengths of rope u d i 
each case. diaii 

The machine multiplied the men’s 
force four times, but they had to pull 
the rope a longer distance—four times 
longer than before. Their force was 
multiplied, but their force was applied 
through a greater distance. They 
used a smaller force over a longer dis- 
tance by using the machine. They ac- 
complished no more or less work; 
their work was just easier at any 
given moment. i 

The men put the same amount of 
work into the machine that they got 
out of it. They did not get something 
for nothing and thats a very impor- 
tant concept to remember. 


s below and choose the correct re- 
fix in mind the main concepts of 


To lift it, four men would 


b. 500 pounds 


arrangement with four ropes 
ld need to use a force of 
b. 125 pounds 


d lift about 200 pounds. Using a 
he is just barely able to lift a large 
o 


b. 1,000 pounds 
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USING WHAT 
YOU KNOW 


ON YOUR OWN 
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4. In using a simple machine to lift the piano a man 
a. would multiply b. would multiply the amount 
force of work done 


B. Write a paragraph or two on this topic: Machines and 
Work. 


A roofer wants to lift 100 pounds of shingles to a roof 20 
feet above the ground. He is 


his effort must be 50 pounds 
pounds), 

In lifting the shingles 20 feet, how 
rope. He pulls a length of rope ( 
tance (20 feet). One of th 
the roofer needs t 


using a two-rope pulley, so 
(2 ropes X 50 pounds = 100 


ever, he uses 40 feet of 


machines, help of some simple 
1. Suppose Archimedes could onl 
pounds, while a f Y apply an effort of 100 


have used to do th 
2. On such a machine, how far 


must th F to 
make the load move 10 feet? e effort move 


7. The Main Concept: 
Energy, Machines, and Work 


Most of you can lift 50 pounds but 
with a great deal of effort. With the 
help of a simple machine you can lift 
much more. Apply a force of 50 
pounds to a block and tackle with 
four ropes between the pulleys, and 
what weight can you lift? Each rope 
supports 50 pounds, making a total 
lifting force of 200 pounds—enough 
to lift a small piano! The block and 
tackle helps you multiply the force of 
your muscles; but have you done 
more work? No. ‘Although you have 
used a machine to multiply the force 
of your muscles, the force must be 
applied through a longer distance. 
The distance is four times as far. 

We must put just as much work into 
a simple machine as We get out of it. 
Machines may multiply force, but 


coal and air 


m ENERGY CHANGES 


steam turbine 


they do not increase the total amount 
of work done. 

In order to do work, we must have 
a source of energy. Our energy comes 
from the food we eat. The energy in 
food supplies our muscles with the 
force to push against an object. No 
matter what kind of work is being 
done, energy is needed. Using a ma- 
chine does not eliminate the need for 
energy. A machine only transfers the 
energy from one place to another. 

In any study of science much time 
is given over to the study of energy. 
Energy can be changed from one 
form to another. Steam from boiling 
water can turn a turbine. E The heat 
energy changes the water into steam, 
and the energy in steam becomes 
mechanical energy in a turbine. Me- 
chanical energy can be transformed 
into electric energy by a generator and 
used for many purposes. 


generator 


electrical energy 


mechanical energy 


ship's propeller 
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We do not gain energy or lose en- 
ergy when we change it from one 
form to another. Neither do we gain 
or lose energy by using a simple ma- 
chine. We get no more energy out of 
a machine than we put into it. We get 
no more work out of a machine than 
we put into it. 

This is also true of matter. Matter 
can be changed from one form to 
another, but matter is neither gained 
nor lost when it is changed in a chem- 
ical reaction. 

For example, iron combines with 
oxygen to form a new compound, iron 
oxide (rust), Suppose you try to make 
some iron oxide by exposing a certain 
amount of pure iron to the oxygen 
in the air. To make 40 grams of iron 
oxide, you must use a total of 40 grams 


of oxygen and iron. In this chemical 
reaction, no new matter is made; no 
matter is destroyed. The matter is only 
changed in form. This is true of all 
chemical reactions on earth. Would it 
be true of chemical reactions taking 
place elsewhere in the universe? 

When we multiply a force with a 
simple or compound machine, no en- 
ergy is gained—no more work is done; 
but we are using the force to greater 
advantage. 

Man has learned to use machines 
to do work. He has learned to use 
force wisely because he has learned 
to use it to greater advantage in doing 


work. The word work is used here in 
the scientific se 


demands that 
accurately, 


nse. Clearly, science 
We use our concepts 


Fixing the Main Concepts 


TESTING Test your 


understanding of the 
YOURSELF unit by doing these problems, 


1. A man is appl 
machine at the left. 


a. 100 pounds 


to use 


sand to 


ying 100 pounds of 


3. To stop accidents ona 


important concepts of this 


a. an inclined plane 


b. a lever 


slippery Toad, it is best to use 


a. increase friction 
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b. decrease friction 


4, Which of these statements are true? (All may be tr 
y ue. 
None may be true. Some may be true and some may b 
y be 


false. ) 
a. A simple machine may multiply force, but it does not 


increase work done. 
b. A simple machine does not produce more work than 
is put into it. 
c. A simpl 
than is put into it. 
5, Test your understanding of the main concepts in this 
unit by using each of these key words in a sentence 


e machine does not produce more energy 


inclined plane winding inclined plane 


work 
pulley wedge multiply force 
gears force increase work done 


simple machine compound machine 


save force 
multiply speed 


wheel and axle lever 


e simple machines shown in the illustration 


QUICK TEST J]. Name th 
below: ® 


ound machines which are operated 


are four comp 
machines are they made? 


2, Below 
hich simple 


by hand. Of w 
a, juice-can opener c. meat grinder 
p. scissors d. fork 


e one compound machine that contains all of the 


3, Nam 
simple machines listed below. 
q. lever c. wheel and axle 
p. wedge J siew 


191 


FOR YOUR 
READING 


ON YOUR OWN 
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If you are interested in machines and engines, then you 
might want to read: 


1. Machines That Built America, by Roger Burlingame, 
published by Harcourt, Brace & World, New York, 1953. 


This is the story of the inventors who built the machines 
that helped make our nation great. 


2. Machines, by Robert O'Brien, published by Time, Inc., 
New York, 1964. 


This is an interesting book with some good pictures of the 
machines that make your life easier. 


There are two additional investigations in this part. 


One is on a machine called a perpetual motion machine. 
1. A machine that works forever (a Perpetual motion 
machine), 


Here is an example of a perpetual motion machine called 
a perpetual rocker. It looks like a kind of lever with the 


fulcrum (the point on which it rests) exactly in the center. 
It works like this: the heavy rubb 


- It rolls down the hill and up. As it 


), it bounces off and starts roll- 
i ea It hits the end agai and starts rolling. 

e machine rocks back and forth, back and forth, back 
forever), What is your hypothesis? 
If yes, why? j 
If not, why not? 


9: Balancing a seesaw, 
A boy and his father wey 


It just happened that the boy weighed 80 pounds, and that 
his father weighed 160 pounds, twice the boy’s weight. Below 
is shown how they finally balanced themselves. € 


4 feet 2 feet P 
i father 


oy 
(80 pounds) (160 pounds) 


fulcrum 


Do you see why they could balance? Try the investigation 


below. 
Take a yardstick and hang it in the middle with a string, 
as shown below. A 


A 


Use two weights, one twice the weight of another. Try to 
balance them on à measuring stick, as shown. # One way of 
balancing these weights is shown. Try several others to find 


the concept that explains the balancing of weights. 


6 inches 


3 inches ~x 


2 pounds 1 pound 


unknown 


5 inches ~s, 
1 pound 


10 centimeters ~n 2 centimeters 


unknown 500 grams 
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CONCEPTUAL SCHEME 


When energy changes from one form to another, 
the total amount of energy remains unchanged. 


(Text pages 194-229) 


UNIT CONCEPT 

The amount of energy gotten out 
of a machine does not exceed the 
amount of energy put into it. 


A Preview of the Concepts 


Unit Five 
MOLECULES IN ACTION 


e 
The pupils investigate one of man’s greatest sources of energy, th 
energy of moving (vibrating) 


molecules. They follow man’s quest E 
ways to put this energy to work; that is, to harness the energy to provi t 
a force to move objects through a distance, They begin to appreciate ia 
these great forces generated enable him to do great amounts of work in 
short time. 


A VIEW OF THE UNIT 


The Industrial Revolution is said to have 


Finally, J 
from boilin 


o 

nergy in steam could somehow be hitche 

a 

y tn Pethaps the force of the bouncing lid could move a wheel ° 
ever. So the piston Was soon in 

chine, not 


ON 
UNIT FIVE / MOLECULES IN ACT 


a fuel could be made to turn ma- 


No doubt many people wondered how 
o heat the water could be used 


chi : 
heres, directly so that the energy used t 
ead to turn the machines. But coal was too bulky. So invention had 


rena n was discovered. The development of internal combustion 
tanier Aen ga of Section 2; they eliminated one stage in the 
With # ne inetic energy of molecules in burning fuels. 
ante << internal combustion engine came a breakthrough in trans- 
driven bok orse drawn carriages gave Way to faster and faster motor- 
fal erer praes And man started to dream of flying. He knew moving air 
throigh 5 and exerted a force. He now felt the pressure of air as he sped 
fii tina i : ar this air pressure could be harnessed to engines—and 
Kernod- ai plane was invented. But another concept was needed, too. 
and an i’s principle that unequal speeds of a liquid moving over an upper 
to offe under surface causes unequal pressures and hence a force, seemed 
r promise. The airplane wing was invented—and it worked. 


Still man was not satisfied. There were too many moving parts in en- 
id rate in overcoming resistance, espe- 


ae They ate up energy at a rap! mi 
ally friction. Eliminate friction, he reasoned—eliminate moving parts 
~and perhaps more of the energy put into the machine could be trans- 

even get away 


lated ; 
ted into useful work gotten out of it. Perhaps he could 
sond the earth’s atmosphere. Section 4 


o the earth and explore space bey 

ws how man succeeded. 

All of these improvements in engines could not have taken place with- 

Out an understanding of the concepts relating to energy and force. The 

Concept that matter consists of molecules and that molecules can be given 

Sreater kinetic energy had to be understood. Basic to all engines were the 

concepts formulated by Sir Isaac Newton in his Laws of Motion. The 
nna parts of these laws are re 

the ou may wish to look ahead to pase Te and 
le last section of this unit in the Teacher s Editior 
istorica] development of the uses of energy from muscles to jets. 


viewed. 
examine the chart in 


a. It summarizes the 


SUPPLEMENTARY AIDS 

= films and filmstrips are in full col 

She whee depth and difficulty of conctl 

igh” out right for the level of the pupi 

Sapp Aas fairly advanced. Full names a” 
Ppliers are on page F-26. 

, F.A., 1964. Film defines weight 


Grass 
vity, Wei i 11 min.) 

> ght, and Weightlessness ( ] : agen Te 
as a measure of the pull of gravity: Jewton’s experiment concerning free fall 
1s demonstrated. Scientists use this knowledge in order to launch satellites. 
ne al ( Intermediate) 


or. Each is rated according to ap- 
ept. Those rated “Intermediate” 
] textbook; those rated “Junior 
d addresses of distributors and 


A., 1964. Through an ex- 


Satel: 
ellites: § , amni, EA 
: Steppin stones to Space (174 ™ e> ae 
amination lore L the "rl js shown some of the instruments satel- 
ites carry and what those instruments tell us of outer space (Intermediate) 
T-93 


TEA 
CHING SUGGESTIONS 


Films 


Filmstrips 


ckets, be- 
How Man Travels Through Space (12 min., sound), re Se a paw 
cause of speed, are able to overcome gravity and ma e m al em d 
sibility for man. Explains Newton’s Law-—every action has (intermediate) 
opposite reaction. 
Explaining Matter: Molecules in 
of molecular motion (vibratio: 
liquid, or gaseous state. Physi 


ate 

Motion (11 min.), E.B.F. Shows that her 

n) determines whether matter = a 
changes of tempera p 

calchog Seeiidsronngh i (Intermediate) 


of 
An Introduction to Jet Engines (14 min.), McGraw-Hill. Through rei jet 
animation, the pupils get a vivid, realistic view of the inside of a mo n, igni- 
engine. Explains clearly the basic Principles of process of compressor High) 
tion, and expansion of gases. (Junior 
First Men Into Space (Solving Space Survival Proble 
i , with live photography and scale m 
flight, and the problems of man’s s 
creased air pressure, weightlessness, 
Rockets: Principles and Safety (11 min.) 
ciples upon which rockets wi 


ork and e 
in outer space, Rockets should 


aw- 
ms) (16 min.), Meera 
odels, the first a 
urvival in this hostile a 
( Intermedia 


vironment—de 


the 
wile ), Jam Handy, 1960. a an 
Neiples of flight: explains construction and oa an 
ift, and how the forces of gravi Y jate) 
rag are overcome, (Intermedia 
How Do Helicopters FI 


nod the 
), Jam Handy, 1960, Explains that 
four forces that act 


à ift, drag, 
an airplane act on helicopters—thrust, po the 
Wings show parts of helicopter and explain ho 
above forces, 


(Intermediate) 


en of 
ains basic sie aah 
reaction; experiments with balloons il ohne 
Ws thrust, lift, a tion to propeller P“ te 
(Intermedia 


e 
andy, 1960. Defines qe 
ace. Drawings of cope = 
a satellite is put into or 


o 
bia ity; future 
space travel, it; effect of gravity 


( Intermediate) 
Leaving the World (41 frames) , S.V.E., 1962. Shows how rockets are ae 
oped and explains rocket Power, thr 
of man. 


ictures 
ust, and spe lease. Shows pic! 
-made Satellites rece, x Gael exe 


ntly launched. (Junior High) 


TION 
UNIT FIVE / MOLECULES IN AC 


Hyd: A 

DEEN ORERE ES (47 frames), S.V.E., 1961. Explains actions of mole- 
igtited. Shows what happens when hydrogen and oxygen are mixed and 
of heat. asite relationship of the temperature of water and the amount 
i (Junior High) 


Space ; 
oe (35 frames), Jam Handy, 1962. Explains how a satellite is 
hed and what conditions cause it to orbit; how it is possible to change 


the : 
orbit of a satellite; how they are now used and what are future uses. 
(Junior High) 


S 
i oa (°) titles are considered especially suitable for their content 
F-24. ing level. Names and addresses of the publishers are on page 

All 
mas Rockets and Space Flight by Harold L. Goodwin, Random House, 
dena escribes present space vehicles and what we can expect of those to be 
iala ped in the near future. Information about the electronic and mechan- 
evices carried by the rockets, the kinds of information they convey to 


ear b 
th, and conjectures with regard to travel to the stars are included. 
(Advanced) 


° 
D 
q Pasti'e: Giants by Daniel Q. Posin, Harper & Row, 1961. Based on “Win- 
Stic to the World” programs of WITW educational television station. The 
= ntific work and achievements of 26 famous scientists from Archimedes to 
nstein are described with interesting narrative. Sketches such as may have 


e ; : 
a used in television presentation, photographs of many instruments used, 
portraits of each scienti juded. Emphasis is on the scientific 


achi st are inclu 

ievements and the principles discovered. (Advanced) 
n Heffernan and 

duces the major 

fuels and is 


tel, L. W. Singer, 
book—the ways in 


using the enersy of wind, tides, 


whic! ; 
h man is developing new c 
importance of energy to run the machines 
(Average) 


he 
of ee nuclear fission. The 
merica and the world is stressed. 


Th 
e Energy Story by Hele Game A 
theme of the 


19 
63. A fictional story intro 


M 
an Alive in Outer Space by Henry B- Lent, Macmillan, 1961. The story of 
. an account of what space sur- 


the 
ge men behind America’s first man in space; an a 
ons have done to enable man to succeed in his conquest of space. How 
Project Mercury is also described. 
(Advanced) 


e 
seven astronauts were selected for 
1962. Describes space 


Man 

to the Moon b i d McNally 

i H ford Rush, Ran he 

vehicles in pem My tle Bekal Contains much historical knowledge about 
oni ‘vate life on the moon are described 


ing oD at the present time. 


the 
moon. The trip, moon colonies, 
(Average) 


on j 
the basis of scientific knowledge an 
Bobbs-Merrill, 1961. In- 
nts for astronauts, 
ilots of the X-15. 


ndrickson, Ji- 


Pio 

n ii . 

eering in Space by Walter B. He 
el is like, requireme! 


clud x 
Spa €s sections on what space trav! gent 
Teihips and capsules, and space pioneers inclu a pilot: rae 
H Scribes how space problems are discovered and solved. Suita e for refer- 
ce reading by average readers 0” selected OF assigned topics. (Advanced) 
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TRAY 
c 
HING SUGGESTIONS 


Science Reading Table 


iffli virtual ency- 
°Realm of Measure by Isaac Asimov, Houghton Mifflin, wiht at port 
clopedia of measurement. Begins with the most rudimentary kin 


ith i tion and 
ment based largely on the human body and concludes with cot verig 
explanation of Einstein’s Theory of Relativity. A useful reference a 
readers. 


( Advanced) 


Munch, Benefic Press, 1960, A survey of ae 

f heat. Clear pictures and diagrams ne 
describe how we measure heat and temperature, how heat travels, an St 
energy and motion aspects of heat. Includes a brief section on modern us 
of heat. 


(Easy) 
g er- 
The Wind by Jeanne Bendick, Rand McNally, 1964. Relates myths E 
stitions about the wind, but the major portion is devoted to scienti gd 
An extra fillip at the end includes a section on wind sounds, wind P 7 
brief statements about many things like “windjammer” and “windfall. 


(Easy) 


What Is Heat? by Theodore W. 
characteristics and behavior o 


> INTRODUCING THE UNIT 


ould be tried ou 


č ove 
in the kettle, and turn it to steam that will m 
the lid. We can blow on the pi 


I 
nergy is being age 
ving molecules, tell them that lighting the : 
hol lamp sets molecules f, 


is unit is about, to 
Turn to text Page 195. Allow Pupils to hypothesize in their meN p 
the question in the fifth paragraph. At the end of the unit they may T° 
and check their hypotheses, 


(Text pages 196-204) Section 1: A MODERN GENIE 
SUBCONCEPT 


Pupils, in this secti 
The energy of moving molecules of 
air and water provide a force that 
can be harnessed to do work, 


advances, 


T-96 


N 
cro 
UNIT FIVE / MOLECULES IN A’ 
ee 


we eel the Concept 
ny do you think Aladdin, in the first paragraph, liked to rub his magic Processes emphasized 
ASIZE: 


lam D? 
p? To get at one answer, each pupil may place his textbook on the Investigation (with 
ion (with design of ex- 


palm i À > Á 

ane of his hand and raise and lower it rapidly about one foot without periment) 
sort . é ni 
porting his elbow. What soon happens? (Muscles tire.) How much Inventing models 


pusł P ; i 
h do you think you can exert? Pupils may check their guesses by push- Analysis of data 
g the top and bot- Hypothesizing 


ee. — home—on bathroom scales or by squeezin 
citi ba scales between the fingers of both hands. Few persons can Theorizing 
a force with hands or arms equal to their weight. Suppose you can Prediction 
Id you multiply this force Library research 
Reporting 


ey 
xert a force of 75 pounds. By how much cou 
(450 pounds.) Could you lift a 500-pound 


mipana it? (No.) The radius of a wheel and axle is 34 feet. Could you 
a i wheel as a machine? (No. You'd have to be able to reach 7 feet, 
ee 5 st.) Simple machines can multiply the force of muscles only so 

ich; the distance the force must Move is limited; muscles tire quickly, 


and s 
to and, hence, time is lost. 
ther here can more force be foun 
e any technical problems that 


wit h 
h a six-rope pulley system? 


d? Will air and water do work? Are 


limit the forces? 


Heat gives greater kinetic energy 


tion that moving air and 
fo molecules. 


D g 
eveloping the Concept 


Maki ; 
rushi king an air machine. P 
ing water have energy and exert a force. They have felt or seen the 


eects of both, Could we capture & quantity of air or water and make it 
© work? Assure the pupils that it can be done, and let them hypothesize. 
Se the rising liquid in a thermometer when the bulb is heated by the 
“ane if a clue is necessary tO start them thinking. Can we make a model 
air jack” and lift a cube of sugar? Volunteers may set up the machine 


“scribed on text page 196 and demonstrate it. If the demonstration is 
balloon is removed and cooler 


Tepe 
ca it will be more succt* E movi fecutes GW 
na A in. Then discuss the kinetic energy ° moving molecu’es. = 
as the kinetic energy of the molecules of air i sed? (Heating. ) W hat 
Ppened? Did the molecules of air expand oF did they move faster so 
at they pushed harder? (The Jatter. What work was done? (The cube 


upils do not ques 


Equipment and Materials 
See illustration, text page 196. 


Sugar w i i ) Pupils may n 

fence WaS raised through a distance. $ j 

ntations of molecules ar together in the unheated and contracted bal 
rt in the heated and 


Son 
> and the same number of molecules farther apa 


ex 
Panded balloon. 
y wish to demonstrate 


team P 

engin sork. You ma 

cfore doing i and na ae text page 199. Set a ket! 
e investigation id ound balloon part full 


Wate 
T on a sour he lid with a T 

a source of heat: Replace the : ; : 
°f water (about one cup), so that it rests snugly 07 the kettle rim. The 


nde 
me Pressure accumulates until it is strong enough poe y 
edge of the balloon. The effect will be more you partially 


A change of state increases or de- 


steam pressure 
ases the kinetic energy of mole- 


tle half full of cre 


cules of matter. 


Equipment and Materials 


See text page 199; also the 


dramati 
s of steam mole- Teacher's Manual for Classroom 


the pulse 


Plu 

8 the s 4. may time 

Cules et n 4 = pate ee when the heat is increased or Laboratory 6. 
e iE the mmo oe that changing water to steam pro- 


Sq 
"eased. Pupils should hypothes 
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TRA 
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HING SUGGESTIONS 


E E T i e A ANA IN Sie, 


Use of steam as a force required 


invention of new materials and 
tools. 


N v i : vith the investi- 
duces a force to do work. How can we show it? Proceed with 
u 


r ereis caution 
ation on text page 199, being sure that the pupils exercise peepee A 
- directed. A Pyrex baby bottle may be substituted for a tes 
kitchen tongs for the rin 


only by applying it to a simple ape i 
be used so that the force operates a 
Steam occupies abut 1,700 times = a d- 
it. This means, in theory, a BE Gei mi 
vantage of 1,700. Harnessed to a wheel and axle with a mR 
vantage of 10, the combined mechanical advantages woul p Eri 
i ome advantages of a steam engine es 
simple machine? (It delivers greater force, it doesn’t get tired, af a 
work easier—so long as there is water and a source of heat to inc 


t it? Why is this org 
t and some of the force —_ its 
(It condenses to water vapors 


toting 
? (Friction.) If this ee 
Heat is generated, and a 
kinetic energy—friction el 
Why was Vaseline used on the oik 
© reduce friction and make a we 
e steam might have broken the be 

to infer that new metals had to 1l 

alloys for example—that would not expand too rapidly, yen 
ng enough to stand up under g 


olecules gain greater 
anding steam. ) 
n page 199? (T, 
dn’t moved, th 


Poses the force of exp 
in the investigation o 


P does 
axle type machine. pen 
© frictional resistance of pisto Jess 
no leakage of steam around piston, 


losses of force? (N 


h 
ü 

? (Greater distance throug 
Operates and hence 


ch- 
a gain in speed.) In terms of te 
ms that had to be met, why 


o F.n 
been superheated as high as 700 


are 
—to some, 3,200 Ibs. per squa 


: ou 
invented as well as alloys that wW 


S. 


N 
CTIO. 
UNIT FIVE / MOLECULES IN A 


Extending the Concept 
ag ote transfer of a force. A mo 
on belt transfers a force from one w 
si and rubber bands can be used, Different sizes of wheels will illus- 
ate gain in distance (speed) as effort is transferred manually. The wheel 
May be equipped with a turbine and moved as described on text page 201. 


gue model. Interested pupils may make a simplification of Hero's 
odel from a spice can. First make small holes a half-inch from the bottom 
t two tablespoontuls of wa- 


= each side and near the corners. Place abou 
er in the can. Close the top and suspend by a thread over Sterno or an 
alcohol lamp. Observe the action as steam is generated. 

A report. Among the first practical applications of Hero’s engine were 
those of Thomas Savery, Thomas Newcomen, and James Watt. Look up 
their work and report on the problems they had to meet in their inven- 
tions, Railroad buffs can investigate and repor 
the steam locomotive. 

Diagraming energy conversions. A 
formed into a force that does the wor 


referred to as a loss. Some heat energy 
around a machine or the moving parts. Energy from the sun is used by 


green plants and stored as coal; coal is burned to change water to steam; 
steam pushes a piston and turns à wheel; the wheel is connected to a 
circular saw by a belt. What are the energy transfers and the “Josses” in 


€ach step? 


del may be devised to show how a 
heel to another. Tinkertoy ele- 


t on the development of 


Il energy used to do work is trans- 
k and another form of energy, often 
is “lost” because it heats the air 


Reviewing the Concept 


Before You Go On. A. 1. a 2 
sing the force that keeps the spring wound 
c energy. Releasing the water behind the dam 
the water to flow and gives it 


a 3b 4b 


Using What You Know. Relea 
changes its potential into kineti 
by removing or lowering the dam causes 


kinetic energy. 


Section 2: AN EXPLOSIVE GENIE 

Pupils investigate the change of potential e 
When fuels are burned. This type of chemical chai 
neously multiplies greatly the speed at which molecu! 
ing a force that, harnessed to simple machines, moves 


distance at great speed. 


nergy to kinetic energy 
nge almost instanta- 
Jes move, thus creat- 
objects through a 


Introducing the Concept 
Place a cupful of water in a 

ae and time how long it take 
tice grains will show the increasing spee 


kettle or beaker, place it over a source of 
s for it to come to a boil. A tablespoonful 


d at which the masses of mole- 


TE x 
ACHING SUGGESTIONS T-99 


Equipment and Materials 


... Tinkertoy elements 

... rubber bands 

.. Spice can 

.. nail punch 

.. Sterno or alcohol lamp 


... thread 
.. . Support 


(Text pages 203-04) 


(Text pages 205-11) 


SUBCONCEPT 
Molecules may be given kinetic en- 
ergy in a chemical change. 


Equipment and Materials 


.,. kettle or beaker 
... rice grains 


Processes emphasized 

Observation 

Analysis of data 

Computation 

Library research 

Model building 

Investigation (of equipment in 
the environment) 


Combustion increases kinetic en- 
ergy. 


Equipment and Materials 


See text page 207; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


Internal combustion engines trans- 
fer the force of kinetic energy di- 
rectly to machines. 


cules of water move. While waiting for the water to boil, pupils on hae 
the section up to “A Useful Explosion.” Then discuss: Why wouldn't y A 
like to own a steam automobile? Some answers: It would take too js 
time to “get up steam,” be too bulky, result in too much loss of force fro ; 
boiler to engine parts that do the work. Why is a gasoline car hetter; 
Record on the chalkboard pupils’ responses and hypotheses without com 
ment, and proceed to the exploration of these questions: 


1 
Can a chemical change be harnessed to do work? How can the usefu 
work of an engine be increased? 


Developing the Concept 


When a fuel burns. On the Fourth of July, a fireworks display produces 
a great amount of kine 


A an to 
tic energy, but it does no useful work other than 
drive rockets into the 


ie f 
air and explode them for our entertainment. O 
course, the explosions do work in the sci 
sions do useful work? ( 


change from one form o; 
stored energy is change 
What happens when 


ergy of burni 
212° F.? Steam ( E 


of the water fro 


it o sarbon di- 
oxide have more ki came (see page T-98). Would car 


: ith 
an the bit of carbon that combined ae 
ae motion of the molecules is greater in a 8 


e necessity for observing cauti 
flammable hydrocarbons. iiti 


How does a g 


” á : Gaso- 
line in a Tube” and study the qi Peale should read Exploding 


the 
- Be sure they understand that ves 
drop or two of gasoline into 


ON 
UNIT FIVE / MOLECULES IN ACTH 


por. This is done by releasing the gasoline through a fine jet into the large 
f air and gasoline vapor is in just 


space of the carburetor. The mixing © 
the right proportions. Too much or too little of either will result in in- 
complete burning or loss of some of the energy of combustion. 

How is the energy of exploding gasoline changed into a force to do 
work—to move a car at high speeds over a distance? What are some ad- 
vantages of the gasoline engine over the steam engine? (In addition to 
the reduction of bulk and the portability of the fuel, pupils should realize 
that the force supplied by the kinetic energy of the molecules [carbon 


dioxide and water vapor] in exploding fuel is immediately applied to the 
team engine the burn- 


Piston and transferred by it inside the engine; in a $ 

ing fuel must convert water into steam before the force that does work is 
available.) As the pistons transfer force to wheels, what advantage is 
8ained? (The wheel, a simple machine, increases speed.) . 

The changes that take place. ‘After pupils have read “Two Kinds of 
Change and One Goal,” review the changes until they are clear. What 
‘ind of change takes place when water changes to steam? (Change of 
State.) When gasoline changes to vapor? (Change of state.) Is this a phys- 
a or a chemical change? Where does this change take ee a an 
ine engine? (Carburetor. ) What kind of change ee D ja: = 


Basoli i Where in a gasoline en 
ine vapor bums! (Chemical) r.) Where does a chemical change 


change 2 =e 
take ge take placo? (Inside the ofi ide when fuel is burned. ) It is im- 
Portant that pupils grasp the essenti idea that the chemical a i 
à steam engine takes place outside, with the result that a ie c m 
transfers a force to the piston. In a gasoline engine, the force resulting 
rom the chemical change is applied directly to tho ie logical prob- 
In conclusion you may wish to review some of the techno g : up - 
ems that had to be met before gasoline enge could Pe thstand the con- 
em devices to control combustion and materials to te saplly mow 
tinuing shock of explosions and to minimize the friction 
"NE parts, 


Ex g 

tending the Concept siasts may investigate and re- 
Ports and di tomot ; ing display of 

Port on aay ie their inventors. 4? Sel calle 

2Utomotive history can be used for z ag a table with ac- 
Org may be a to bring models for the science AIS} y 

Co; . 
Mpanying labels explaining interesting 


(pe: 
i and gases. Recall cold, dry wee pi ai 
Ba ity sparks crossing a gap þetween your a ntribute @ worn-ou 
Dhue or service station man will probably Siow does it compare with 
x ap- G A 
8 for examination. Pupils measure the 8 Fr terested pupils should in- 


e di - 
vege stance traveled by static electrici Ya vere q to the cylinder of an 
igate how the ki erated an 
spark is gen! 
Utomobile. p 


riences with static elec- 


d another surface. A 
t spark 
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TEA 
c 
HING SUGGESTIONS 


Both physical and chemical changes 
occur in steam and internal com- 
bustion engines. 


(Text page 211) 


(Text pages 212-17) 


SUBCONCEPT 
Differences in pressure result in a 


force acting in the direction of the 
lower pressure, 


Processes emphasized 
Investigation 

Analysis of observations 
Measurement 
Computation 

Library research 
Invention (models) 
Reporting 


Equipment and Materials 


++. pan of water 
+». milk carton 


«+ 2 aluminum foil containers 


j i i i arks 

Gases and safety. Encourage discussion of situations ya BE E 

and escaping gases. What scientific reason is behind the a a ime 
lighting a match to try to locate a gas leak? Why do some industr 


Dafn. e : d 
hibit smoking on their premises? Why are “No Smoking” signs displaye: 
at many filling stations? 


Reviewing the Concept 
Before You Go On. A. 1. a2b 3.a 4b 5.a 
aane 
Using What You Know. Fuel is being burned. An oil-burning furnace is on 
Possible answer, 


Section 3: BALLOONS AND PLANES—GOING UP 


A ‘ ; at 
Pupils investigate ways in which molecules of air exert a force th 

affects the motion of an object, The 
inner and outer or u 


5 ‘ e on 
y see that differences in pressur 
in the direction of 


Pi ove 
pper and lower surfaces will cause an object to m 
the lower pressure, 


f - sink 
esize whether the carton will float or s1 
on in th 


object 


rently 


as lighter than ae 
lighter than air would rise, of 


ON 
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Developing the Concept 
one surfaces. To develop t 
dhoire A work, you may wish to begin with 
ie, k hat apples have no special quality of attraction, repeat with 
mha neat, such as Ping-pong balls, or place two cardboard rolls an 
Pa r so apart at the edge of a desk. Blow between them through a 
aw held parallel to the desk. Encourage observation and curiosity be- 


= clarification by discussion. 

mi an airplane lifts. The concep 

tees egies By blowing across th 
on page 216, pupils see that air is 


f 
m than the lower, but they may not see why 
n the upper surface. Encourage them to think of two forces at work. One 


's the force of gravitation that pulls downward; the other is acting at right 


angles to the pull of gravitation. Gravitation pulls air downward, giving 
travels over a long distance while 


itrese / 
pressure; when air moves sideways, it ng dis ! 
eing pulled downward. Once an airplane has been lifted into the air, 

school of thought 


Principles of action and reaction are at work. In fact, one 
Places the major share of lift and flight upon action and reaction, indi- 
function in flight (see Section 4). 

to have air moving across the 


the under part. The diagram of 


this is accomplished. The air 
same time. The 


number of mole- 
f surface must be less 


he concept that air pressure can be 
the investigation. To dem- 


t of lift is not usually developed by 
e top of a sheet of paper, as illus- 
moving faster over the top sur- 
the pressure should be less 


n pper part of the wing f 
i tr wing on page 214 s 
amo travel farther; it therefore 
oviles ar of air is the same, so there 
aboy spread farther apart. The pres 
o e than below. 
disa class laid out a cross i 
om floor. An equal number of pup? 
t = moving around the curved surface 
Mselves farther apart to reach the end 
Some simple arithmetic may be useful. A 


ure, su i ave 
» such as a private plane win: has an 4 r 
Sure per square foot K the under than on the upper surface. Pupils who 


ake A access to wing dimensions on 
ited hee omg tal lift by multiplying the 
Square bean eee ei y 23. The total will be surprising. This 
is roughly two ies 5 Le total lift. The other third is supplied by the 
nee of the wing to the forward motion of the plane. A propeller-driven 
i ansport plane may have 18,000. square feet of wins gae At cruising 
Peed, this plane can lift itself, its crew and a oe Stn cree ts, air 
e n chnological problems. In addition to Y anding S a ae 
Ygineers had to design engines t° develop 2 


ay rapidly enough across the wing surfaces tO —— et 
gns had to be tested to decrease air or drag. s 


n friction, E N 
isms had to be developed. Weight ha duced by lightweight, 


clothesline on the 
und each surface. 
faster and space 
of the air foil at the same time. 
nair foil with a visible curva- 
rage of 23 pounds more pres- 


air foil with 
]s moved aro 
had to move 


section of an 


d to be re 
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A difference in pressure may result 
in motion. 


Air moving faster over the upper 
surface of an object develops a lift- 
ing force. 


Equipment and Materials 

... Ping-pong balls 

... cardboard rolls 

(See text page 213; also the 
Teacher’s Manual for Classroom 
Laboratory 6.) 


(Text pages 216-17) 


(Text pages 218-24) 
SUBCONCEPT 


An increase in kinetic energy can 
Produce an unbalanced force. 


Processes emphasized 

Investigation (with model-mak- 
ing) 

Observation 

Analysis of observations 

Hypothesizing 

Theorizing 

Invention (models) 

Reporting (with exhibits) 


Equipment and Materials 
--. tennis ball 

... pan 

... block of wood 


n n tof lift 
but strong, alloys; for every pound of weight increased the — ae 
needed. Encourage discussion of these technological problem 
more illustration of the teamwork of scientists and inventors. 


Extending the Concept 


ish to 
Model plane exhibit. Pupils who are plane enthusiasts eas iar 
bring models for the science display table, Brief labels and explan 
should be attached to each, 
Reports. Interesting reports can be mad 
flight and relating the problems they met 


names are suggested in the investigation on text page 215. 
Model wind tunnel. How to 


ind 
build and demonstrate a classroom poh 
tunnel is described on pages 457-58 of The Sourcebook for Elemen 
Science. 


i f 
e by looking up pioneeri ot 
and overcame. Some of 


Reviewing the Concept 


Before You Go On. A.la 2a 3.b 


Section 4: JETS AND ROCKETS 


. x j 
resistances are reduced is directly applied to do work, h 
force available is multiplied, 


Introducing the Concept 
Since the forward motion of 
ing Newton’ 


s Laws 
these laws, which w. 


h 
Oward a wall, A Push is needed to start it. A PYS 
(by the wall) is needed to sto it, alth oe Se the ball t° 
come to rest if the Sean P it, a ough friction will cause 


crio 
UNIT FIVE / MOLECULES IN A! 


are in balance. Kick a tin can. You unbalance the forces that hold the can 


at rest, and off it goes, but it soon comes to rest. 
_ On earth, gravitation and friction tend to bring objects to rest. Gravita- 
A keeps them from flying off into space; friction keeps them from slid- 
g around. In space, things are different. For example, the Gemini 
aon tended to keep on goings its sideways force was just enough to 
alance gravitation. And there is little or no friction in space. 

; This brings up a nice question: How can you move about without fric- 
tion—without something to push against? How were Astronauts Edward 
White and James McDivitt able to get back to earth? How have the other 
astronauts managed it? The answer lies in the Law of Action and Re- 
action, Understanding of this law Jed technologists to invent ways to make 
an action produce a reaction directly, to put energy in and get work out 


with as little loss to resistance aS possible. 
How do jets and rockets work? How do they develop a force that gives 
them speed and ability to change direction? 


Developing the Concept 

Action and reaction. Strangely 
Pages 202-03) invented an action-reactio 
Principle, The action of the escaping steam C 


Motion), Does this remind you of a Jawn sprin 
escaping water causes â reaction (motion of the arms). All the force 


(pressure) of the escaping water is inside the arms; it is translated into 
motion. Note that we have been careful not to say that the escaping water 
Pushed against the air. (Remember that Astronaut White maneuvered in 
Space with a small jet gun held in his hand; you can't push against matter- 


less space.) 
Let’s try another example. Balance à bowling ball as i 


to throw it instead of roll it. It pushes against your ha 
into throwing it. You 


force 

he of your shoulders and a - ee 
all; the ba against you. ction-ree ; 

all pushes Se r added some force) against the 


the forces; that is, You 
rces; you pushed harder ( seal ayei away__though per- 


ball th inst you: The 
an the ball pushed against y voller skates YOu would have moved 
sh too hard against 


haps not very far! If you had been 0? 

back. Astronaut White had to be very careful not to pu ; 

the Gemini capsule Action-reaction again! Both forces were nicely bal- 
anced; White. a he capsule were traveling at the same speed in space 
i : Id have pushed each 


ae no resistances. The capsule and be wou ; > a 
other aw: h of White and the capsule against each other 

a e the push ° ies 
a = d a reaction in the other. Both 


Would have produced an ac 
Capsule and astronaut W 

Let us see how far We 
molecules. In Unit Four W 
energy of the body. In Unit Five, we 
multiply forces supplied py the energy 


Hero of Alexandria (see text 


enough, 
n engine without knowing the 


aused a reaction (rotary 
kler? The action of the 


f you were going 
nd. You put the 
push against the 
1 unbalanced 


tion in one an 


have come in our study of the use of moving 
e studied simp multiplied the 
have been studying engines that 


of moving mo 
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Every action has an equal and op: 
posite reaction. 


Action and reaction, resulting from 


kinetic energy given to molecules, 
can produce an unbolanced force, 


Equipment and Materials 
-.- balloon (sausage type) 


Rockets and jets operate on the 


same principle, but rockets convert 


kinetic energy directly into force, 


Action-reaction can be used to 


change speed or direction of mo- 
tion. 


the force originated outside the machine and was translated into a ~~ 
ical change that created a force (steam pressure). In Section 2, ee 
were given kinetic energy inside the machine and the force applie 3 
rectly to moving parts (simple machines ). In Section 3, we studied pre 

sure of air molecules outside the object being moved; actually making 
unbalanced forces do work. In this section, we study how to build up 
the pressure of moving molecules inside 
of this pressure (action) 
the object in the oppositi 
transferred, with little los 


ere any wa 


blasting out one end will produce a steady Te- 


: Kay 
Can you invent a device using ; 
pupils hypothesize and invent 
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Extending the Concept 
Demonstrating the effect of compression on a fuel. If school regulations 
permit, either in the pbuilding or on the grounds, pour a teaspoonful of 


kerosene into a small metal container such as a bottle cap. Try to light it 
a match flame will not raise 


with a match, The match goes out because 
the temperature of the kerosene enough to vaporize it. Light a candle and 
pour the kerosene into an atomizer and squeeze the bulb toward the can- 
dle flame. At every squeeze little flames leap up above the candle. Why? 
(Kerosene must be broken into small particles to permit oxygen to com- 
bine readily with it.) Wicks in kerosene lamps serve the same purpose. 
Building models. The diagrams of rockets and jets in this section may 


be reproduced with card or tagboard in two dimensional cutouts, and the 
action demonstrated. By cutting @ mailing tube in half, a pupil clever 
with his hands may design 4 three-dimensional cutaway model with 
Tinkertoy parts and cutout pinwheels. 

Bulletin display. Jet and rocket enthusiasts may contribute models they 
have put together from commercial kits; others may collect pictures and 
news releases on planes, jets; and rocket travel for placement on the bul- 


letin board. 


Reviewing the Concept 
Rios eg eet kG Se SES 


Using What You Know. 1. It is not possible. Jets requi 
large volume of air into a small space, and there is no air on the moon. 
2. The squid would go in the direction opposite to the jet of water. It would 


go forward if it squirted the jet behind it. 


5. a 


re compression of a 


Section 5: THE MAIN CONCEPT: 
THE USE OF MOVING MOLECULES 
s and see how 


f moving molecule 
more and more 


of directing 
force must always be used 
in is greater than the use- 


than the energy put in. 


The pupils review kinetic energy © 
science and technology have developed ways 
of the force generated into useful work. Some 
$ overcome resistances; hence, the energy put 
ul work got out. The total work is never more 


d. The countdown has be- 
s from the base 


d, and in a few 
Does the rocket have 


CONCEPT SUMMARY 

A Saturn rocket stands 0n its launching Pa 
gun-5, 4, 3, 2, 1, Lift. A roaring jet of searing 
of the rocket; the rocket slowly rises, 


gases blast 


energy on its launching pad? (Yes. Sisal 
have potential energy—stored chemical energy.) Every object in motion 
has kinetic energy. What provides the kinetic energy that moves the 
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TEACHING SUGGESTIONS 


Equipment and Materials 
. . kerosene 

. .. teaspoon 
. . bottle cap 
. . atomizer 


(Text page 224) 


(Text pages 294-29) 


CONCEPTUAL SCHEME 
When energy changes from one 
form to another, the total amount 


of energy remains unchanged. 


UNIT CONCEPT 

The amount of energy gotfen out 
of a machine does not exceed the 
amount of energy put info it. 


How do potential energy and kinetic 
energy differ? 


How are fuels a good source of 
kinetic energy? 


Equipment and Materials 
... mailing tube 
. . - pinwheel 


How is pressure used? 


Why is space flight so recent? 


How has man learned to use en- 
ergy? 


s A Ten e 
rocket? (The burning of fuels sets molecules in rapid motion; they hav 
kinetic energy.) T i 
What happens to the molecules when a solid or a liquid sara ae 
a gas? (They take up more space.) How do they move? (In all i a 
tions.) How can they be made to move in one direction? Who can inv 


a way with this mailing tube and a pinwheel? 


(Blow first against the 
pinwheel; then blow throu 


gh the tube with the pinwheel at the same time 
distance from the end as it was from the mouth. It should move more 
rapidly.) What does this model resemble? (A jet.) 

Review the principle of flight. Does an airplane wing create an un- 
balanced force? (Yes, As it cuts through the air, the operation of Ber- 


nouilli’s principle unbalances the pressures on the wing surfaces. ) Actu- 
ally, an airplane wing is a special kind of machine. In a jet, the pingue 
energy of the molecules is i heat and pressure (compression 
by the turbine), rce, Releasing the pressure in 4 
jet chamber increases the action (force) and thus the reaction, Greater 
speed results from the greater force, oe 

As you raise this question, you may wish to drop a hint by also asking: 
What concepts had to be developed and what inventions had to be made! 
Why were they so difficult? The cha 


s to place on the chalkboard the headings i” 
the following table and start the table for the pupils: 
Stored energy 


Source Transferred as force by 


How work is done 
Food —_, Muscles of man 


s Directly by muscles 
Food —_, Muscles Of animals 


Bie em mple machines => Multiplying effort force 
— compound machines — Multiplying force further 
Fuels —, steam — Piston —, machines — Kinetic energy of fuels on 
verted into kinetic energy i. 
Steam; force transferred by P 
Fuels 


nes 
ton and multiplied by mach! 
"> piston __, Machines _, 


as 
Kinetic energy transferred ie 
force by piston and mu 
by machines 


, , by 
> Machines _, Force multiplied directly 


Machines 
i aay ecules 


oo | 
Kinetic energy of mo tion- 
does work directly by a° 
reaction 


oN 
UNIT FIVE / MOLECULES IN ACT! 


fe With many classes, you may wish to place the full chart on the board, 
aving off the last column and developing by questioning. Incidentally: 
do not overlook the fact that action and reaction is at work in all sc 
stances, since every action (force) is opposed by a reaction (another 
force), The piston is merely an action-reaction device that transfers an 
unbalanced force; that is, a force that overcomes the tendency of a body 
at rest to remain at rest Or in motion to remain in motion in a straight 
line. Kinds of machines and engines should be cited as examples, and the 
energy conversions traced. Pupils should note the limitations of food as 
a source of energy and of muscles as a mechanical means of applying 
the force generated. Fuels have tremendous energy. Each step in the 
development in using the kinetic energy of moving molecules was con- 
cemed with eliminating resistances so that the full force developed by 


kinetic energy could be applied directly to do work. 
A display of the history of man’s inventions for using energy would 


make a good culminating activity for this unit. 


FIXING THE MAIN CONCEPTS 

tires in summer causes molecules of air 

hich may be greater than that recom- 

2, In a steam turbine, the 

kinetic energy of fu ater into steam; the kinetic energy 
a jet, the kinetic energy of the burning fuel 


of steam turns the turbine. In A 
e of the energy of the fuel is used to do useful 


Testing Yourself. 1. The heating of 
to move faster and exe 


turns the turbine directly; Mo” 
hange as it cools and the 


work, Also, the steam will undergo @ physical c 


molecules will move closer together. 3- The water sets the air in motion. 
ic moving faster than the air in the room; hence, 


The air inside the shower is ™ 
less pressure (Bernoulli's i _ 4, The ball was pushing against 
Joan; Joan was pushing against the pall. The motion of each is an illustration 
of action-reaction. 5. Jets and autos burn fuels inside the engine and are 
therefore internal combustion engines. 6. The rolling logs and the high fly 
illustrate kinetic energy: 7, Consult the glossary, text page 422. 

(5 x 60 X 60.) 2. 25,200 


On Your Own. A. 1. 18,000 mile n 
miles per hour (7 x 60 X 60.) x Distance. 


s per hour 
B. Work = Force 
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TE. 
ACHING SUGGESTIONS 


(Text pages 226-29 ) 


UNIT FIVE 


MOLECULES 
IN ACTION 


mmer day the concrete pavement may expand and 


On a hot su 
bump in the road. 


buckle, creating a serious 


d winter day water may freeze and expand, causing a pipe 


Ona col 
s water problem. 


to burst and creating a seriou 
gs are up and small craft take to the 


e summer, storm warnin 
ges unchecked, leaving a path of 


In lat 
hurricane ra 


safety of a harbor. A 
destruction in its wake. 

used the highway to buckle or 
n you see the wind that caused so much 


the effect of the force and the action. In 
f molecules. You can- 
t tremendous force. 


You cannot see the action which ca 


the pipe to burst, nor cal 


damage. You can only see 


each case, the effect came from the motion 0 
not see them; but moving molecules can exer 


oving molecules in an engine can send a train 


track, or an automobile speeding along a free- 
ough the air. Can you explain how the 


do so much work? 


For example, ™ 


speeding along its 
way, or a missile soaring thr 


motion of invisible particles can 
Perhaps you would like to know how anything too small to be seen 


can do work. This unit will help you. It explains how man, as scien- 
tist and engineer, uses his brain and hands, imagination and skill 


to change his environment with the force of moving molecules. 
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1. A Modern Genie 


Do you remember the story of 
Aladdin and his magic lamp? When 
Aladdin rubbed the lamp, the genie 
came forth to do Aladdin’s bidding, 
He had tremendous energy; he could 
do anything Aladdin demanded, no 
matter how difficult. 

Of course, this is only a story, and 
we do not really believe such things 
can happen; but man has learned to 
control a “genie” or two that will 
rival Aladdin’s, Suppose we try to im- 
prison a genie of our own. Let us be- 
gin with a small genie; 
prison a larger one later, 

Suppose we bottle up a “modern 
genie” in a balloon machine like the 


we can im- 


thin wire pointer 
attached to Sugar lump 


one shown in the picture. Æ What can 
this machine do? What makes it 
work? It is made of several common 
items: a balloon, a hot plate, a Pyrex 

eaker, and some water, What hap- 
pens to the balloon when the water 
in the beaker js heated? What makes 
it happen? What happens to the cube 


of sugar? Perhaps the ruler will give 
you a clue, 


@ KINETIC ENERGY 


take a deep 
ou cannot see 
or the air you 
know that you 


Before you go on, 
breath. Breathe out. Y 
the air you breathe in 
breathe out; yet you 
have breathed in some air. 

What is air made of? One explana- 
tion is that air is made up of particles, 
particles too small to be seen. The 
small particles of air are molecules. 
Molecules of the gases that make up 
air are too small to be seen, even with 
the help of a powerful microscopes yet 
there is evidence that molecules do 
make up the matter which surrounds 
us. Do you know of any such evi- 
dence? What do you know already 
about the nature and behavior of air? 

You may recal making these two 
discoveries about air in earlier science 


classes: 
Air is invisible. 
Air takes up space and has mass. _ 
The evidence indicates that air is 
made up of particles (molecules ) of 
matter which are too small to be seen, 
and which are constantly moving. 
What can moving molecules do? 
Molecules of air ca? be our ae 
genie. T hey have energy» which 


k. En- 
means they are a 


ble to do wor 
ergy is the ability to do wor 


How can the molecules of air in- 
side a balloon do work? 

Take a balloon and blow it up. The 
molecules you cannot see have ex- 
panded the rubber balloon. Now take 
the balloon and use it to make the 
machine shown in the picture. This 
may not look like a machine, but it is. 
It will do work; the molecules of air 
will do the work. (Refer to the scien- 
tist’s definition of work on page 184.) 
The energy of moving molecules in 
this machine will lift a cube of sugar; 
it may even lift several cubes of sugar. 

This is a very small “genie,” and it 
does very little work; but you will dis- 
cover later how moving molecules can 
lift a plane high into the air or send 
a rocket to the moon. 

The balloon “machine” does work 
as the walls of the balloon stretch and 
lift the cube of sugar. The balloon 
stretches as the volume of air inside 
expands. The air expands because the 
molecules are moving faster; they 
have gained kinetic energy. As we 
found earlier, kinetic energy is the en- 
ergy of motion. A bowling ball rolling 
toward the pins has kinetic energy. @ 
A moving locomotive has kinetic en- 
ergy. Water turning the generators in 
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a huge dam has kinetic energy. Mole- 
cules in the air have kinetic energy; 
they are always in motion. 


re space. 
a gas are 
molecules 


he cube of 
Sugar, m 


The molecules of 


air could do work 
because they have 


kinetic energy, 


° e s 
e 
\ \, = ° ~ 
- / # 
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/ 
. ime ob 
, ~ wall of balloon 
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This is an important concept: 
When matter (solid, liquid, or gas) 
expands, it can exert a force on any- 
thing nearby. A force is a push or pull 
that can change motion. Expanding 
matter can do work because of the 
force exerted by its moving molecules. 
If we can harness the 
ing molecules, 
transferred to do 


energy of mov- 
that energy can be 
useful work. That is, 
force is used to move an object. Work 
is done as the force moves the object 
through a distance. 

Let us put some ener 
The energy come 
tion. By the wor 


to expand, as it will do 
gation on the opposite 


Page. Try it, 


ng Molecules 
d to water, the 


rex tube, which 
Our j igati = 
panded as jt became ieai kos 
molecules (of both the 
Pushed against the 
as the gases 
ork was done 


AN INVESTIGATION into How an Expanding Liquid Can Do Work 


Needed: a Pyrex test tube; a cork stop- 
per to fit; Vaseline; an alcohol lamp 
or Bunsen burner; a toy steam en- 


gine 


Fix a Pyrex tube in a clamp, as you see 
in the picture. Be sure to use a clamp 
that can be tightened, one that screws 
together. Pour about an inch of water 
into the tube. Rub a little Vaseline onto 
the stopper and fit it into the Pyrex tube. 
(Be careful not to point the stopper 
toward anyone.) Heat the tube gently, 
moving it back and forth over the flame. 
Watch to see what happens. Suddenly, 
the stopper flies out of the tube. m Why? 

Now examine the toy steam engine. 
As you do so, compare it with the dia- 
gram of a toy engine on the next page. 
To operate the engine, heat the water in 
the boiler. Soon the wheel begins to 
turn; it turns faster and faster.@ How 
is the energy of the expanding water be- 
ing used? Could this kind of energy be 
used to do work in a large machine— 
for example, in a factory Or on a ship? 


How? 


Additional Investigation: Can you find a 
way to make the toy steam engine do 
some useful work? If you have an Erec- 
tor set, or if you are good at building 
things, try to construct a machine that 
can use your engine for some useful 


purpose. 


by the moving molecule 
was not very useful, w 
had been able to tie t 
shaft and to a wheel, the molecules of 
the gases might have done useful 
work as they expanded. E The wheel 
would have turned and lifted the 
weight for you. 

Blowing the cork from a test tube 
is used as a model of the idea behind 


s. The work 
as it? If you 
he cork to a 


(which is a gas). The force of the 
steam does useful 


the piston. The illu 
piston of a toy ste 
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am engine.® It iş 


round, something like the cork, and 
can slide back and forth. The force of 
the piston, sliding back and forth, is 
used to turn the wheel.@ The energy 
of expanding steam js thereby trans- 
ferred to the turning wheel. 

How can a piston-operated steam 
engine do useful work? In a factory, 
the piston tums a wheel which, in 
turn, can turn other Wheels of other 
machines. A century ago the piston 
steam engine, as shown in the picture, 
was used to run the machinery in 


any men, all 
rce of expanding steam 
Tred to turn a wheel. In 


slide 
valve rod 


valve die ste 


am inlet 
M 


Piston rod 


otive there are two or 
ach one turns a wheel. 
engine was at one 


time the most important kind of en- 
gine we had. It was used in factories, 
mines, ships, locomotives, and pump- 
ing stations; but it is not often used 
any more. It has been replaced by 


more modern engines: Read on to find 
out about a more modern type of 


steam engine. 


a steam locom 
four pistons. E 
The piston steam 


Instead of a Piston 3 

You have seen pinwheels and wind- 
mills. The energy of moving : 
(wind) turns them. Windmills can do 


useful work such as 


- grinding grain in [ 
ia te turn a special kind of 
wheel. This special kind of wheel is 
called a turbine (tûr þin). 

Make a small turbine out of alu- 
minum foil, shaped like the one in the 


picture. @ If you have no aluminum 
foil, shape your turbine from heavy 
paper cut from a milk carton. Place 
about 1 inch of water in a Pyrex test 
tube and plug the opening with a one- 
holed stopper or modeling clay with 
a hole through it, as shown. @ Heat 
cautiously over a flame and direct the 
jet of steam against the turbine. Note 
how it turns. This arrangement con- 
centrates the fast-moving jet of steam 
against the pinwheel turbine, so that 


it turns. Š 
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In a modem steamship, the steam 
from a boiler turns a turbine, a bigger 
one, of course. The steam is directed 
against the blades of the turbine; the 
turbine turns a shaft, which is con- 
nected to the propeller, The shaft 
turns the propeller, and the propeller 
pushes the ship through the water, 
Study the diagram which shows how 
a turbine turns a ship’s propeller. m 


The energy of burning fuel, such as 
coal or oil, heats 


engine. Some of the e 
must be used to 


nergy of the fuel 
work 


part of an engine. Since the turbine 
and shaft are turned by the steam 
directly, much more of the fuel’s en- 
ergy is used to push the ship. Machines 
that convert the greatest amount 
of the fuel’s energy to do useful work 
are said to be the most efficient, 
Steam turbines are used 


to run 
many of the ] 


by the explosive 
r by Moving air. 
Particles of sand 


ute could tum a 
turbine? 


steam engine is 


n a map of E 
the city of Al 


600 years ag 


nothing really 
8YPt, you will find 
exandria, where, about 
0, a young Greek named 


The 
new. O 


Hero made a steam engine that 
worked! Look at the picture of Hero's 
engine.® What made it spin around? 

Hero’s engine worked because the 
heat energy from burning wood 
makes the molecules of water move 
faster: the kinetic energy of the mole- 
cules is increased. As the kinetic en- 
ergy of the molecules of water in- 
creases, the water begins to boil. 
Then the water molecules escape 
from the surface to become steam. 
When water expands to form steam, 
the molecules of water can exert 
enough force to do a great deal of 


work. 
How did 

gine move? Clue: 

plane move? Why 


the steam make Hero’s en- 
Why does a jet 
does a rocket 


move? 


BEFORE A. Study the st 
you GO ON sponses. They wi 
section. 

1. If 

mol 


g, One way of increasing the en 
a. apply heat to 


them 


3, When a closed ballo 
es of air in the balloon 


of molecul 
a. increases 


ecules would no longer have 


a. kinetic energy 


atements below and choose the correct re- 
Il help you fix in mind the concepts of this 


the movement of molecules could be stopped, the 


b. weight 


ergy of molecules is to 
b. remove heat from 
them 


on is made to expand, the number 


b. remains the same 


4. As a closed balloon expands, the molecules of air in it 


a. increase in size 


b. move farther apart 
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USING WHAT 
YOU KNOW 


B. Write a paragraph or two on this topic: One Way of Put- 
ting Molecules to Work. 


A. A stone lying on top of a hill has 
tial energy, 


energy; 


stored energy, or poten- 
as it is called. An electric battery has potential 


so does the wound spring in a toy car or a tankful of 
gasoline. When an object has 


it has the capacity to do wor 


potential energy, it means that 


2. An Explosive Genie 


According to an old story, James 
Watt conceived the idea for his steam 
engine from watching a boiling kettle 
when he was a small boy. What do 
you expect to happen to the kettle 
shown in the picture, which has a 
potato closing its spout?@ The water 
in the kettle is just starting to boil. 

The cover on the kettle will bounce 
and rattle as the steam pushes it up. 
The steam exerts pressure On the lid 
of the kettle. What really happens 
is this; Heat from burning fuel in- 
tic energy of the water 
pressure OF force on 
f the lid also increases. 
molecules bump 


creases the kine 
molecules. The 
the inside area 0 
The rapidly moving 
up and down against the cover of the 
kettle. Work is done as the kettle 
cover is forced to move. Remember 
the scientist's meaning for the word 


work (page 184). 

The energy of moving molecules 
can be harnessed to run è locomotive 
or any machine that can use the 
rapidly moving molecules of expand- 
ing steam. À Expanding steam can do 


work. Steam to be used in a large en- 
gine is produced in a boiler, but such 
a boiler takes up a lot of space. Per- 
haps there is another way to get large 
amounts of work done and to do so 
by using a source of energy which 
does not take up too much space. 


A Useful Explosion 

When a_ substance explodes, its 
molecules of waste gases spread out 
extremely fast. The substance sud- 
denly takes up a great deal more 
space, or at least tries to. The sudden 
expansion of some exploding sub- 
stances can push walls aside and 


@ carbon atom 
© oxygen atom 


t O 
fag 


© hydrogen atom 


splinter glass; but such an explosion 
can be controlled to do useful work. 
There are some compounds that ex- 
plode easily and the explosions can 
be controlled. One is gasoline for the 
family car. Gasoline is very dangerous 
when near a flame, but it can be ex- 
ploded safely inside an automobile 
engine. 
When gasoline explodes, it is burn- 
ing very rapidly in a closed space. 
What really happens when gasoline 
ums, or explodes? You can get the 
answer by watching the burning 


candle in the investigation on the op- 
posite page, 


bon and hydrogen. 
burns, carb 


carbon + oxygen — carbon dioxide (CO,) 


At the same time hydrogen from 
also combines with 

e air to form water 
vapor (H,O), m 


+ water 


AN INVESTIGATION into What Happens When a Fuel Burns 


Needed: a candle; a pie plate; a quart 
jar; limewater; a small glass 


Light the candle and carefully drop 
some wax on the pie plate. Be careful 
to keep your hand away from the 
flame. After several drops of wax have 
fallen, quickly blow out the flame and 
set the bottom of the candle on the soft 
wax. Hold the candle in place until the 
wax hardens. Then place a small glass 
of limewater near the candle. 

Without lighting the candle, place the 
quart jar over the candle and limewater 
for a short time. Are there any changes 
in the limewater? 

Remove the jar and light the candle. 
Then replace the jar over the candle 
and glass of limewater. Ei 

Watch closely as the candle burns. 
Can you see droplets of water forming 
on the inside of the jar? Where does 


the water come from? 
After the flame goes out, let the jar 
stand in place and watch the limewater 


for several minutes. Move the pie plate 
gently back and forth as you watch. 
What happens? @ What do you think is 
present to change the limewater? 


Additional Investigation: Are carbon di- 
oxide and water produced when other 
fuels burn? TY burning some wood 
shavings on the pie plate to find out 


whether they do or not. 
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GASOLINE 


Candle wax and gasoline both con- 
tain carbon and hydrogen. But a 
molecule of gasoline is different from 
a molecule of candle wax. The picture 
of models of molecules shows you the 
difference between a molecule of can- 
dle wax and one of gasoline. m 

Gasoline burns much faster than 
candle wax. Yet when a molecule of 
gasoline or a molecule of wax burns, 
the same two gases are formed: 


carbon dioxide (C0,) 
water vapor (H,0) 


These gases are formed when any 
molecule containing carbon and hy- 
drogen is burned. Oxygen combines 
with the carbon and 
form CO: and H,O, 

Gasoline has potential 
another name for stored-up energy, 
When gasoline explodes, its potential 
energy is changed into kinetic energy, 
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hydrogen to 


energy, 


the energy of motion. The kinetic en- 
ergy of moving molecules can be used 
to do work. 

When gasoline burns, the molecules 
of gasoline suddenly burst apart and 
the pieces rapidly combine with oxy- 
gen. The reaction is an explosion. The 
molecules from the suddenly ex- 
ploded gasoline (mainly, gases) push 
outward. The pressure increases as 
the gases try to expand. Expanding 


gases can do a great deal of useful 
work. How? 


Exploding Gasoline in a Tube 

In most automobiles, liquid gaso- 
line is changed into a vapor ( 
the carburetor (k 
as the gasoline ey 
is mixed with air, 
line vapor and 
closed metal tu 


(sil’in-dor) 


a gas) in 
ar’ba-ra’tar). Here, 
aporates, the vapor 
The mixture of gaso- 
air then goes into a 
be called a cylinder 
-® Inside the cylinder is a 
Piston. Gasoline vapor in the cylinder 
is ignited with a spark, which jumps 
across a gap on the spark plug. 


gasoline 
vapor exhaust 
and air leaves 
enter here 
here 


The spark explodes the mixture of 
and air. Hot exhaust 
gases expand and exert a force that 
pushes the piston. The piston turns à 
wheel, as shown in the picture, and 
does work by moving a car, @ truck, 
or a machine. A 

Next time you have a chance, ask 
an adult to show you what is under 
the hood of a car. Look for the spark 
plugs on the engine. How many cyl- 
inders does an automobile engine 


have? You can tell by counting the 


number of spark plugs. 

You cannot see the cylinders, be- 
are inside the engine. 
or more in cars, 


gasoline vapor 


cause they 
There are usually four i 
buses, or trucks. ¢ The gasoline en- 
gine works because gasoline vapor 
and air are exploded in the cylinders. 
The resulting gases expand from the 
rapid increase in kinetic energy and 


are used to move the pistons. 
how to use the kinetic 


By learning ^ ae 
energy in expanding et een i 
enie. 
have harn ul g 


essed a powe" 


The concept behind our modern 
genie is simply stated: Energy can be 
changed from one kind to another and 
transferred from one place to another. 


Two Kinds of Change and One Goal 

The idea behind the work of a 
steam or gasoline engine has been to 
get the molecules of a substance to 
move very fast. They produce a force, 
a push. The force moves the wheels 
of an automobile, a locomotive, or a 
factory machine. Work is done when 


| A a —— 


to wheels 
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the force of moving molecules moves 


an object (a car, a locomotive) 
through a distance. 


The molecules in the steam and the 
molecules in the gasoline explosion 


was the same—to exert a force, Really, 
k place, 


gas, causes 
the substances to expand and by ex- 


pansion, to exert a force. 

When gasoline by 
ferent substances 
molecules themse 
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ims, however, dif. 
are produced; the 
Ives are changed, 


hanged. 
dioxide and 
ame as mole- 


ygen. 


takes place 
when coal or oil iş burned to furnish 


changes can 
to do work as they 


h against objects and make them 


moye 


BEFORE 
YOU GO ON 


USING WHAT 
you KNOW 


A. Study the statements below and choose the correct re- 
sponses. They will help you fix in mind the concepts of this 


section. 
1. A steam locomotive can harness the kinetic energy of 
b. hydrogen and oxygen 
gases 


a. molecules of water 


2, When gasoline explodes, its molecules 
a. remain the same b. break apart 


. When water boils, the change is a 
a. physical change b. chemical change 


When gasoline explodes, the change in its molecules is a 


4, 
b. chemical change 


a. physical change 


Gasoline and candle wax both contain 


5. 
a. carbon b. oxygen 
B. Write a paragraph or two on this topic: Putting Molecules 
to Work. 


Below is 2 puzzle box made of strong steel.@ Fuel oil is 
into the funnel. Water vapor (a gas) and car- 


being poured 

bon dioxide (a gas 
What must be happening inside the box? Do you have a 

achine” at home that operates in a manner similar to this? 


o” until you have given it some thought. 


) are coming out the other side. 


“m 
“a 
Do not say ? 


hot 
gases 


oil can 


211 


3. Balloons and Planes— 
Going Up 


Fill a balloon with helium, and it 
will rise. If it is large enough, it 
can even carry a man with it. Do 
you know why? Helium is lighter 
than air. A balloon full of helium 
weighs less than an equal volume of 
air. The lighter balloon rises and floats 
on the heavier air. Will a balloon filled 
with ordinary air rise? 

Fill a balloon with the air exhaled 
from your lungs. Will the 
or not? 

One thing is sure, however; 
loon filled with air will rise i 
float on water, The reason is t 
gas (air) 
(water). 

The principle of balloon flight is 
fairly simple. Fil] the balloon with a 
gas lighter than air, and it will rise 
and float on the heavier air. 
point, the balloon may reach a height 
where it weighs the same as the same 
volume of air outside and the balloon 
will not rise any higher, ) The larger 
the balloon, the more men and ob- 
jects it will be able to carry aloft, 

An airplane with an engine is dif- 
ferent from a balloon filled with helj- 
um; it is heavier than air. What makes 
it possible, then, for a plane to rise 
in the air? The engine, which Moves 
the plane forward, makes it Possible, 
On planes with Propellers, the gaso- 
line engine turns the Propeller, which 
moves the plane forward. The back- 

ward motion of the air from the pro- 
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balloon rise 


a bal- 
n and 


hat the 
is lighter than the liquid 


(At some 


peller produces a forward motion of 
the airplane. In jet engines the thrust 
of the engine moves the plane for- 
ward. As the plane moves forward, 
the air molecules flow past the wings. 


Most of the lift on a pl 


ane is caused 
by 


reduced pressure on top of the 
wing as air travels over the curved 
upper surface. The increase in speed 
of the molecules of air results in 
of pressure. The lower pressure 
the wing and the higher 
underneath makes the pl 
understand how this m 
the investigation on 
page. 


a loss 
above 
pressure 
ane rise. To 
ay happen, do 
the opposite 


An Explanation 


Did it seem strange to you that the 
apples moved together instead of 
moving apart when you blew air be- 
tween them? The result with the 
Ping-Pong ball seems even more un- 
usual. The force of gravitation is pull- 
ing down on it and the air blast from 
above seems to be pushing down on 
it as well, Was the air really pushing 


It is important to 


ne $ x 5 
apples ubstance Surrounded the 
apples and that su stance is air. Be- 
ore y ; 

you blew on the air between the 


AN INVESTIGATION into a Mysterious Push 


Needed: two apples; a bar, or rod, from 
which to suspend them; books or 


some object to hold the bar up 


a. Hang two apples on pieces of string, 
each about 2 feet long. Be sure to sus- 
pend the apples on the strings so that 
they are no farther than an inch or so 
apart. When the apples are hanging 
without movement, blow hard on the 
air between them. M 

Do you get the same result as IS 
shown in the photograph? How far 
apart can you move the apples and 


still get this result? 


b. On the basis of what you have done 
with the apples, can you guess what will 
happen as you try to blow a Ping-Pong 
ball out of the funnel, as shown? @ 
Hold the Ping-Pong ball inside the 
upside-down funnel and blow hard 
through the spout. As you are blowing, 
take your hand away suddenly. 

Try it. 

What happens? Will blowing harder 
force the ball out of the funnel? Will 
blowing easier do it? 

How do you explain your results? 
What have these results to do with the 
flight of an airplane? 
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apples, they hung straight down from 
the bar. This means that the air 
around them was pushing on them 
equally from all directions, m That is, 
the pressure of air around the apples 
was the same in all directions, 

Blowing air between the apples 
caused them to move toward each 
other. This happened because the 
pressure between the apples was 
lowered, m 

The air pressure was lowered be- 
tween the apples, but remained the 
same on the outside of the apples. 
The unequal pressure, the higher pres- 
sure on the outside of the apples and 
the lower pressure between them, 
pushed the apples together. In other 
words, the air around the outside of 
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the apples was still. The air between 
the apples was moving because you 
blew on it. Because it was moving, the 
air between the apples had a lower 
pressure, 

The pressure inside a region of air 
is lower when the air is moving than 
when it is standing still, 

The scientist, Daniel Bernoulli, 
Spent many years studying the effects 
of moving fluids, such as water. A 
fluid is any substance that flows easily. 
Liquids and gases are fluids. Air is 
a mixture of gases and thus is fluid. 
He found that the faster a fluid moves, 
the lower is its pressure. Bernoulli’s 
discovery is very important. What 
does it have to do with the flight of an 
airplane?® A great deal, but Ber- 
noulli’s principle is by no means the 
whole story, The investigation on the 


Opposite page will tell more of the 
story. 


An Airplane Flies 
Examine the dia 

plane wing. ® 

Part, or surfac 


gram of the air- 
Notice that the upper 
e, is curved, and that 


AN INVESTIGATION into Flight from Da Vinci to Goddard 


Needed: an adequate library 


The pictures show two interesting mo- 
ments in the history of flight. The top 
picture shows an early balloon made by 
the Montgolfier brothers in France. E 
The picture on the bottom shows an 
early airplane flight made by Claude 
Grahame-White on October 14, 1910. @ 
Men. have dreamed of flying for a very 
long time. Even the Greeks had a myth 
about a father, Daedalus, and his son, 


Icarus, who flew with t 
made. Do you know 
Icarus? Look for it in an enc 


or other reference book. 
This investigation is one into the way 


men’s minds work. Start with the legend 
of Icarus and continue by investigating 
some of the real contributions that were 
made toward an understanding of flight 


by the following: 
Leonardo da Vinci 
Joseph and Jacques Montgolfier W 
Claude Grahame-White 
Samuel Langley 
Wilbur and Orville Wright 
Robert Goddard 
do the investigation in a 
as many reference 
books as you can. Perhaps your teacher 
will want you to work with others in your 
class. Then you can share your findings. 


he wings they had 
the legend of 
yclopedia 


If possible, 
library. Consult 


the lower surface is nearly flat. The air 
passing over the wing is squeezed 
between the wing and the air above. 
As a result, the air speeds up in order 
to get through the narrowed space. 
According to Bernoulli’s principle, 
this increase in speed causes the air 
pressure above the wing to become 
less than the pressure below the wing. 


BEFORE A. Study the stat 
YOU GO ON 


section. 


1. When you ble 
bar, the air pressur 
a. lowered 
2. The air 
plane is 
a. lowered 


ements 
sponses. They will hel 


w between the 
e between the 


3. Itis difficult to blow the Ping 
because the air Pressure on top o 
a. greater than that on the 

b. lower than that on the þ 


In flight the wing also is tilted to 
point slightly upward (what might be 
called a climbing attitude or “angle 
of attack”). As the air flows under the 
wing, it strikes against the bottom sur- 
face of the wing that is in the way. 
This tends to force the wing upward, 
so the pressure on the bottom is 
greater. The difference in pressure 
is the lift; but remember that it is 
the forward motion of the plane that 
causes the air to rush over and under 
the wing. You will learn more about 
what causes the forward motion of a 
plane in the next section, 

Try lifting the paper with your 
breath as the girl is doing. m Why 
does the Paper fly up? Try explaining 
it any way you wish; but then try 
using Bernoulli’s principle, which is: 


The faster a fluid moves, the lower is 
its pressure, 


below and choose the correct re- 
P you fix in mind the Concepts of this 


two apples hanging from a 
apples was 
b. raised 


Pressure on top of the wing of a moving air- 


b. raised 


-Pong ball Out of the funnel 


f the ball ise 


bottom 
ottom 


USING WHAT 
YOU KNOW 


B. Write a paragraph or two on this topic: How Can a Heavy 
Airplane Rise into the Air? 


Try this investigation to test Bernoulli's principle: 

Place a pin through a small card about 2 inches square. 
Hold the card and pin under an empty spool, as shown, and 
blow through the hole in the spool. While blowing, remove 
your hand from the card. & 


piece of 
drinking 


straw 


Repeat the same investigation using a short drinking straw 


instead of the spool. ê 
The problems posed by this investigation are: 


J]. How will the card react each time a fast current of air 


passes over it? 
2, Will it react differently when placed under the straw 


than when it is under the spool? 
Before you do the investigation develop a hypothesis about 


what will happen when the card is placed under the spool 


and air is blown through the hole. Will this result be different 


from what happens when the card is placed under an air blast 


from the straw? 


In forming your hy 
edge of Bernoulli's principle you now have gained through 


the investigations with the apples and the Ping-Pong ball. 
You can also draw on your knowledge, gained from reading 
the text, of what makes an airplane fly. 


pothesis you can draw on the knowl- 
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4. Jets and Rockets 


Look again at the picture of Hero's 
engine on page 203. Notice that it was 
turned by two jets. In addition to 
being the first steam- engine, it was 
also the first jet engine. 

Hero was far ahead of his time. If 
he could visit us today, he would see 
the principle of his engine in wide 
use. 

Blow up a balloon and then let it 
go. It flies. It is a kind of jet engine. 
A stream of moving air molecules 
rushes out of the neck, and the bal- 
loon flies in the opposite direction. An 
action in one direction (the push of 
the jet) causes a movement in the op- 
posite direction. This is an example 
of the application of another great 
concept, Newton’s Law of Action and 
Reaction. It states: Every action has 
an equal and Opposite reaction. Let 
us examine how this concept is ap- 
plied in space flight. 


Imagine yourself out in space, per- 
fectly safe in a pressurized suit. Sup- 
pose you want to move to your right. 
Then you must send a jet of moving 
particles to the left. Any action in 
space will produce an equal and op- 
posite reaction. You may not recall 
how a space capsule is turned, Look at 
the picture. The astronaut fires 
some small jets. Suppose he fires the 
jets toward the left (of the page). 


In which direction would his cap- 
sule go? 


A Jet Plane Takes Off 


Most of the high-speed planes of 
today are propelled by powerful jet 
engines. In addition to being power- 
ful, the jet engine is so efficient that 


engineers are now designing smaller 
ones to replace the 


piston engine in 
automobiles, 


A jet engine has no cylinders and 
No pistons. Think of it as a tube. At 
one end, air mixes with a fuel, such 
as kerosene, The fuel and air mixture 
burns and expands inside the tube. 
Fast-moving molecules blast out the 


rear (action), and the plane moves 
forward (reaction), 


hat is inside a 
picture sh 


the ha many blades, similar to 
heel on an electric fan, The first 
ce the a Pump; it is called a 
air ae Kin Compressor forces 
the tube Th ront toward the back of 
- that is, it compresses the air. 
Kerosene is squirted che dis eae 


compressor 


combustion tube 


plug 


pressed air, and a spark plug ignites 
the mixture. It burns very rapidly 
g flame. Heat increases 


with a roarin 
the kinetic energy of the molecules. 


As the kinetic energy increases, the 
d and exert a force. 

The moving molecules cannot shoot 
out the front of the jet because the 
s pushing air in. They 
ar of the engine (ac- 
iet moves forward (re- 


tion); : 
action). The fast-moving gases also 


turn a bladed wheel 
ward the rear. The seco 
the picture is a turbine. A 
tached to the 
wheel, which comp 


gases expan 


e plane. The 
uirting in and burns, 


compressor which keeps forcing air 
in, and the blast of hot gases from 
the rear forces the jet forward. 


The explanation of how a jet engine 
works seems simple enough, but if 
you read it carefully you may have 
become aware of one problem. If the 
air must be compressed before the 
engine will work, and the engine must 
be moving to work the compressor, 
how does a jet engine get started? 
The answer is that a jet engine cannot 
start by itself. A small electric starter 
engine turns the compressor before 
the fuel is ignited. 

As the jet plane moves forward, 
molecules of air rush rapidly over the 
upper surface and under the lower 
surface of the wing. With the wing 
tilted slightly upward, the air pres- 
sure on the upper surface of the wing 
is reduced, and the greater air pres- 
sure striking the lower surface of the 
wing lifts the plane up. The jet plane 
rises. Bernoulli’s principle may be 
used to explain this action. 

Jet engines need oxygen to combine 
with the kerosene for the kerosene to 
burn. Those that use the oxygen in 
air are useless out in space. 
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oxygen 


liquid 
fuel 


combustion 
chamber 


space. Note that the j 
ing fuel moves the roc 
straight line.® Th 


220 


€ action of the 


burning fuel in one d 
an equal reaction t 
rocket in an Opposite 


irection creates 
hat moves the 
direction, 
A Rocket Blasts Off 

Every action has an equal and op- 


Posite reaction, The blast from a rock- 


et is downward (action). The rocket 
goes up ( reaction), 


Uppose the roc 
ike the one on th 
l 


gh fuel to move the 
atmosphere. It 
uce Weight, Then the 

second Stage, the booster, takes over. 
in the Second stage is 
the booster drops off and the 
ver. The blast from 
8e gives the rocket still more 
s the rocket still far- 


Stage of the rocket may 
m it. It may be a 
tellite designed to re- 
Volve around the ear 


th or it may be a 
Spaceship With a pilot inside, 


The rocket might carry a liquid 
fuel and liquid oxygen. The fuel and 
the oxygen combine to give the rock- 
et a powerful thrust forward as the 
blast of moving molecules of gas roars 
backward out of the rocket tube. 
Rockets may use different kinds of 
fuels. Some rockets use a solid fuel. 

Suppose a spaceship has a pilot in 
it or, perhaps, an entire crew. Sup- 
pose they are on their way to the 
moon, When the rocket leaves the 
earth’s atmosphere and gets into outer 
space, the pilot must be able to con- 
trol his spaceship. This is important 


in case something goes wrong with the 


automatic control system. 

As the rocket approaches the moon, 
it will be pulled by the moon's force 
of gravitation. What will happen? At 
the tremendous speed of the rocket, 
the pilot could crash into the moon. 

How will it be possible for astro- 
nauts to land safely on the moon and 
later be able to return to earth? 

The explorations are being carried 
on now. You may wish to keep a note- 
book on each exploration (Apollo, 
Gemini, and others) as they are 
carried out. Many experiments are 
planned before a man can land on the 
moon. 

One plan is to use 4 landing cap- 
sule carried to the moon by an Apollo 
spacecraft. This plan is called LOR 

dezvous). When 


(Lunar Orbital Ren 
the spacecraft comes close to the 
moon (100 miles above the surface), 


it releases 2 small landing craft. The 
ding capsule curves closer and 
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lan 


a 


Payload —_— l 


Stage 4 f \ 


closer to the moon’s surface, while 
the Apollo continues to orbit. To 
keep from crashing into the moon, the 
astronaut in the landing craft fires a 
rocket so that the blast pushes against 
the moon’s gravity. This should slow 
the capsule down so that it will “soft- 
land” easily on the moon’s surface. 
To return to the earth, the landing 
capsule will take off and rejoin the 
Apollo still in orbit around the moon. 

To understand each step, study the 
diagram carefully. E Be sure to notice 
the color and shape of each part of 


E Earth-landing 


capsule goes into orbit 
Apollo around Moon 
spacecraft 
Moon-landing 


craft 


A~ 
oe \ 
hen v 
ooster 
che slat 
to carry spacecraft 
Apollo and 
to Moon Capsule 
orbit is 
cast 
off 
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© Apollo spacecraft 


the giant spaceship and to follow the 
numbers in their exact order. The 
symbols show you which part of the 
spaceship is participating in each 
step. The colored arrows show the 
various courses that will be taken. 
The red arrows show the course from 
earth to the moon. The purple ar- 
rows show the course of the craft 
that lands on the moon; the orange 
arrows show the orbit of the Apollo 
around the moon; and last, the green 


arrows show the Apollo’s course back 
to earth. 


(5) Moon-landing 


craft slows 

down for 

landing 

LD Sets course 
for Moon aunched itself f 
landing j 
Apollo Spacecraft 
(9) Earth-landing Capsule (8) 
} Apollo sets 
_ returns with crew Course for 


Earth 


BEFORE A. Study the statements below and choose the correct re- 


YOU GO ON sponses. They will help you fix in mind the concepts of this 


section. 
1. The motion of Hero’s jet engine may be explained by 
means of 
a. Bernoulli’s principle of reduced pressure 
b. Newton's law of action and reaction 


2. The flight of rockets in space can best be explained by 
a. Newton's law of action and reaction 
b. Bernoulli's principle of reduced pressure 


3. Rockets are different from jet planes because they 


a. need oxygen for flight 
b. carry their own oxygen 


4, When a jet engine is operating at full speed, the 


a. turbine is turning the compressor 


b. compressor is turning the turbine 


essed in a pressure suit, steps out of his 
He shoots his jet gun to the right. A 
at direction. The spaceman 


5, A spaceman, dr 
spaceship into space. 
stream of molecules rushes in th 
moves to the 


a. left b. right 


B. Write a paragraph or two on this topic: Jets and Rockets. 
1, Suppose one of your friends made this statement: “Let 
e of our rockets carry jet planes to the moon. Other rock- 


USING WHAT 
e fuel. Then our jets could take off from the 


you KNOW som 
ets could carry th 


moon.” 
Would this be possible? What is the reasoning behind your 


answer? 

2. A squid (a relative of the octopus) is able to move 
through the water. It squirts a jet of water into the 
ound it. Describe how a squid could move with this 
ted water directly behind it, where 


quickly 
water ar 
method. Suppose it squir 


would it go? 
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ON YOUR OWN 


model cart using tiny CO, cylinders 
chase at a hobby shop. 


5. The Main Concept: The Use 
of Moving Molecules 


Long ago man could 
much work as his muscles allowed; 
they were his source of © 
pull.” He could lift 


arned to use simple 
machines: the lever, the pulley, the 


wheel and axle, the inclined plane, the 
wedge, and the screw, With simple 
machines he could multiply force; but 
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Many years ago, Sir Isaac Newton 
the illustration) to demo 


designed this car (see 


nstrate the law of action and reac- 
work. 


arned to 
d and water and, 
uels, 


result was that the water 
xpanded—anq be 


vee came steam, Gaso- 
and kerose e, too, Combine with 
TOduce 8ases that expand 


XPansion furnishes the 
© work. 


The energy in fuels can be traced 
back to the molecules in the fuel, in 
e, for instance. When these 
molecules burn, heat is produced 
which causes gases to expand rapidly. 
When burning gases are trapped in a 
der that has a movable piston, 
y can push a 


gasolin 


cylin 
they can do work. The 
piston or push a jet. By putting them 
to use, man has increased the energy 
available at his command. 

Once he had learned to use the 
force of moving molecules, he was 
able to do much more work. 

The concept is simple: moving 
molecules in expanding gases can be 
o do work. They can push a 

they can turn a turbine. 
Finally, man learned that moving 
molecules forced out the back of a 
jet plane could push the plane for- 
ward at a high speed or could push a 
rocket into space! The concept be- 
hind this phenomenon is that for every 
action there is an equal and opposite 
reaction. By understanding the con- 
cept man moves forward in his effort 
to control his environment and to re- 
duce his jimitations—especially those 


ignorance. 
¥ ie learned that the kinetic en- 
ergy of molecul ases as they are 
heated; they tend to move farther 
apart. With this understanding of the 
kinetic energ f molecules, man 1s 
now able to move into space. 

He can do so because he has dis- 
covered, for one thing, that matter 
can release energy, energy that has 
been stored in the matter. Energy 


used t 
piston; 


es incre 


y 0 


can be changed from one kind to 
another. Potential (stored-up ) energy 
in matter can be changed into kinetic 
energy (the energy of moving objects 
or particles). The kinetic energy of 
molecules of a gas can push a piston 
or turn a wheel. 

As man learned to release the 
stored-up energy in fuels, he learned 
to get more work done in much less 
time. He could use the time saved 
from human labor to do other things, 
things that he enjoyed doing. He 
found time to read, to write, and to 
think. He was able to give more time 
to art, to music, to literature, and to 
science. 

There is a great need for scientists, 
as there is a great need for engineers. 
But there is not only a need for sci- 
entists and engineers; there is a great 
need, as well, for artists, for musi- 
cians, for writers, for teachers. There 
is a need, too, for carpenters, lawyers, 
doctors, and laborers to accomplish 
all the work that men and women 
must do. 

The world is so full of a number of 
things that it needs the cooperation 
of men and women of all abilities and 
skills; there is a need for everyone. 
What do you hope to be or do? 

There is no need to rush to make 
up your mind, As you go on in school, 
look about you. Find out what you 
like to do and what you can do best. 
This is a world in which science plays 
a great part. No matter what your in- 
terests may be, you will find your 


place in it. 
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Fixing the Main Concepts 
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TESTING 
YOURSELF 


Test your understanding of the important concepts in this 
unit by doing these problems. 


1. In the summer, especially on a hot day, the air inside 
the tires of automobiles expands. Some air has to be let out. 


In the winter, they go down a bit; so air has to be added. 
How would you explain this? 


2. a. A turbine, in a steam turbine engine, whirls as the 
molecules of hot steam hit it. 


b. A turbine, in a jet plane engine, whirls as the mole- 
cules of exhaust gases from burning kerosene hit it. 


What is the difference in the kinds of changes the molecules 
undergo in (a) and in (b)? 


3. Bob noticed that the shower curtain on a stall shower 
moved in when the water was turned on hard. How would 
you explain this? 


4. Joan threw a basketball while she was standing on 


roller skates. She noticed that, as she threw the ball forward, 
she moved backward slightly, 


How would you explain this? 


jet engine 


auto engine 
Hero's engine 


piston steam engine 

Which of these items are examples of kinetic energy? 
a wound clock spring 

logs rolling down a hill 


an unexploded stick of dynamite 
a high fly to left field 


A PROJECT 
TO DO 


FOR YOUR 
READING 


. Larrick, pub 


7. Check your un“erstanding of the main concepts in thi 
unit by using eac). of tl ese key terms in a sentence that a 
sense. 
molecules chemica! change 
potential energy Bernoul'i’s principle of reduced pressure 
kinetic energy Newton s law of action and reaction 


physical change energy or force 


In the next ten years men will try to reach the moon. 


Keep a notebook entitled: Operation Moon. Ina sense you 


will be writing your own book. 
Keep a record of each stage in the project. For instance 


a. The development of a powerful rocket 
b. The first flights to explore the moon (Ranger, and 


others) 
c. The first flig 


two astronauts. 
Keep maps of 
and spaceships. 


hts of Gemini, the spaceship that can carry 


flights, especially of the orbits of the rockets 


flight and How It Works, by William P. Gottlieb, 
published by Doubleday & Co., Garden City, 1964. 

There are good photographs by the author in this book and 
good explanations of why aircraft fly. 

2, Rockets Into Space, by Alexander Crosby and Nancy 


lished by Random House, New York, 1959. 
satellites, spaceships, space 


J. Space 


The authors discuss rockets, 
tions—and getting a man to the moon. 


sta 
et Hyde, published by Mc- 


3. Off Into Space! by Margar 


Graw-Hill, New York, 1959. 
The principles behind space travel are discussed. The place 


of gravity, atmosphere, and the principles of rocket travel 
are among the important topics in this book. 


4. Jets, by Charles Verral, published by Prentice-Hall 


Englewood Cliffs, New Jersey. 
This book is about jets and the principles of jet propulsion 
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JN YOUR OWN A. Over two hundred years ago when men were still crossing 
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the ocean in sailing ships, Sir Isaac Newton was developing 
formulas that had to do with rockets traveling in space. He 
was truly a man living ahead of his time. He was so far ahead 
of his time that he found it necessary to develop a new kind 
of mathematics in order to complete his calculations. He called 
his new mathematics calculus. 

On the basis of his results, Sir Isaac made these predictions. 

l. In order to stay in orbit around the earth a satellite 
would have to achieve a speed of 5 miles a second. 

How many miles per hour would this be? 

2. In order to escape the earth’s gravitational pull alto- 
gether, a rocket must achieve a speed of 7 miles 

How many miles an hour would this be? 

Were his predictions correct? Investigate by 


library and looking through some up-to-date boo 
travel. 


per second. 


visiting the 
ks on space 


B. Try to invent a mathematical formula for me 
amount of work you do. A mathematical formul 
and simple way to expl 
sentence. 

For example, let us express this n 
matical formula. To 
length by the width. 


First choose a symbol or letter to stand for each part of 
the statement. A can st 


asuring the 


a is a short 
ain something. It is shorter than a 


ext sentence in a mathe- 
find the area of a rectangle, multiply the 


and for area, L for length, W for width. 
The above Sentence can now be written as a mathematical 
formula A = L x W, or 


r area equals length times width. 
To find the area of any rectangle, use this formula. If L 
equals 4 inches, and W 


equals 2 inches, what is A (the area)? 
Did you say 8 square inches? 


Now, how can you develop a formul 
To do work, you must move an obj 
To move an object, you must apply 
Suppose you lift a pound of su 
The force you apply 


a for work? 

ect through a distance. 
a force, i 

gar to a height of 1 foot. 
Suppose you lift the same 
feet. You would still apply 


is 1 pound. 
pound of sugar to a height of 2 


the same force (1 pound). But you would be doing more 


work. How much more work? You are lifting the sugar twice 


the distance. 
If you lift the pound of sugar to a height of 3 feet you 
are lifting it 3 times the distance. You are doing 3 times the 


work. 
Does the term “3 times 


hmetic? 
he blanks in the sentence below. If you can, 


rouble making a mathematical formula 


* give you a clue? What does “times” 


mean in arit 

Try to fill int 
you should have no t 
for work done. 

To find how much work is done, _? _ the force needed 
to lift an object _?__ the distance it is being lifted. 

What unit is used to measure work done? A combination of 
nits in the formula is used. For example, if you lift an 
height of 1 foot, and apply a force of 1 pound, you 


foot-pound of work. 
la for work. 
a will use three quantities: 


the u 
object to a } 
are doing 1 
Derive a formu 
Clue: The formul 
work 
force 
distance 


Now you are on your own. 
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CONCEPTUAL SCHEME 


When energy changes from one form to another, 
the total amount of energy remains unchanged. 


(Text pages 230-83) 


UNIT CONCEPT 

The amount of energy gotten out 
of a machine does not exceed the 
energy put into it. 


A Preview of the Concepts 


Unit Six 
ELECTRONS IN ACTION 


different forms of energy can build up 
ergy), how this energy changes to kinetic 


- It need not be so in the elementary 
S of energy build-up and transfer by means of other 
d by machines are relatively easy to grasp. The or 
e difficult. Proper understanding © 
ls for fine measurement of minute 


; electrons “rub off” 
a spark is Senerally rather useless, unless 
trons can be controlled, 

From generati 
Coil of wire th, 


ON 
UNIT SIX / ELECTRONS IN ACT! 


th electronics early and they can give informa- 
ost of their classmates can comprehend. Teach- 


nit, coupled with additional explanation, are 
guide inter- 


pils become fascinated wii 
tion quite beyond what m 
ing suggestions for this u 
more extensive than for most other units so that you may 


ested pupils or stimulate them to pursue a fascinating subject. 


SUPPLEMENTARY AIDS 
All the films and filmstrips are in color. Those noted as “Junior High” 


are somewhat advanced, but useful. Names and addresses of distributors 
and suppliers are on page F-26. 


Electrons at Work (14 min.), E.B. 
may be rubbed off one substance 
like charges repel; those with unlike charges a 
charges can be controlled and made useful. 

Magnetic, Electric and Gravitational Fields (11 min.), E.B.F., 1964. Experi- 
ments depict how we know of magnetic, electric, and gravitational fields. 
Shows usefulness of this knowledge. (Junior High) 


What Is Electric Current? (14 min-), 
teristics of electricity and its uses to pr 
do work in less time. 


F., 1964. Electrons have mass. Electrons 
and transferred to another; objects with 
ttract. The movement of 

(Junior High) 


E.B.F., 1964. Demonstrates the charac- 


oduce light and heat and how it can 
(Junior High) 


), Cenco, 1964. Electricity used in homes and 
atteries—which are “chemical sources’—or from 
anical sources.” Explains how each source de- 
(Intermediate) 


Sources of Electricity (11 min. 
industry comes either from b 
generators—which are “mech 
velops electricity. 

Series and Parallel Circuits (15 min., sound), Cenco, 1964. Explains how, in 
order to use electricity, one must give ita path to follow. Series and parallel 

circuits are explained. Suggests how to wire circuits of each type, and the 

(Intermediate) 


uses of each. 


Radio and Radar (12 min., Cen 
theory of radio and radar communication. 


Earth Satellites (12 min., sound), Cenco, 1964. Expl 
how it stays 7 orbit. Tells of Soviet and American satellites 
instruments radio useful information from S 

1964. Communication satellites 

the earth. Some 
(Intermediate) 


ar explanation of basic 


d), Cenco, 1964. Cle 
sound) (Intermediate) 


ains what a satellite is and 
and how their 


pace. (Intermediate) 


(12 min.), F.A., 
and television 
Is from the eart 


signals around 


Communication Satellites 
h back to earth. 


enable us to send radio 
satellites bounce radio signa 
es), Jam Handy, 1960. How static elec- 
gain or loss of electrons; explains 
avestigations into static 

(Intermediate) 


What Is Static Electricity? (38 aan Í 
tricity is produced by friction, resulting in g: ‘ 
negative and positive charges- Gives suggestions for i 
electricity. 


What Is Current Electricity? (3 
as a flow of electrons throug 
to other forms of energy: light, 


andy, 1960. Defines current 


rical energy can be changed 
(Intermediate) 


5 frames), Jam H 
a conductor. Elect 


mechanical, heat, and sound. 
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Films 


Filmstrips 


Science Reading Table 


g elec- 

How Most Electricity Is Produced (35 frames), Jam Handy, = en 
tricity is produced in turbo-generators; purpose of a conductor, galvan ge 
and magnets. Suggests investigations with simple movable magne 


; ic plants; also 
permanent magnets. Shows use of water power in hydro-electric at re 
future use of nuclear energy. (Interm 


y (35 frames), Jam Handy, 1960. T 
ell; how each produces electricity; Te 
and how heat energy and chemical energy can 


(In termediate) 
to 
Electromagnets and How They Work (35 frames), Jam Handy, 1960. A 
make an electromagnet; increase the strength of the magnet, and determ: 
the poles. 


(In termediate) 


(35 frames), Jam Handy, 1960. Use 2 

how many ways electricity is used 2) 

an electric bell; how an electric motor works, (Intermediate 

Using Electricity Safely (35 fram 
circuit; general safety 
electricity, 


Producing Small Amounts of Electricit 
ference between dry cell and wet c 
electricity is measured 
changed to electricity, 


How Is Electricity Used in the Home? 


switches to open and close circuits; 
homes; making 


t 
es), Jam Handy, 1960. What causes a am 
Suggestions, both indoors and outdoors, in regar¢ ) 
(Intermediate, 
Thomas Alva Edison (40 frames), Jam Handy. The story of Edison’s rpari 

ments, his successes, and his Contribution to our way of life. (Intermediate 
World’s Energy Supply (37 frames) 


of energy. Classification of energy—motion, 
nuclear. “Neither m 


atter nor energy can be cr 
changed to other forms of energy.” 


a eogi 
r McGraw-Hill, 1962. Sun is main soure 


. an 
heat, electrical, radiant, ie 
eated or destroyed, but can e) 

(Intermediat 
A . d 
titles are especially recommended for their content aP 
€ publishers are on page F- 
rasonics b; 


fly 
y Ira M. Freeman, Random House, 196 
ave discove; 


red about sound 


T sonar, and still others wan 
nd dishes, (Averag 


s, ides 
tions of electricity. eae 
» Faraday, Morse, Edison, and ae at 
3 “al Survey, but: also cane: raft f import 
aracteristics of electricity, eee “(Advance 
Electromagnetic Wav 


z ight, 
: Irving, Knopf, 1960 The one form, lig 
visible to us is descr A re S Pt, 1960. The or 

radio SEn, PF e în addition to the invisible waves. Included 


a 
zamm“ 
ys, microwaves, and gam" 


ie 
2 ages SC 
universe, whose message ma 
and interpret, (Advan 


°Magnet by E, G, Valens, World Publishing 1964. Cont 
graphs that help explain simple investigations. Describes 


to- 
ains brilliant ph? 
uses of magnetism, and the magnetic fields of the earth ar 


basic petit oe 
nd space. (Bas 
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Satellites in Outer Space by Isaac Asimov, Random House, 1960. Explains how 
scientists use satellites to find out more about the earth, the moon, and outer 


space. Precise diagrams supplemented by photographs depict the satellites 


and their orbits, and help to describe such phenomena as the belts of par- 
(Easy) 


ticles around the earth. 

°Sound and Its Reproduction by Jerome S. Meyer, World Publishing, 1964. 
Describes wave motion, echoes, resonance, and other characteristics of sound, 
as well as the recording and reproduction of sound. Information about our 


sound recorder, the ear; and our sound producers, the vocal cords. 
(Advanced) 


Sound and Ultrasonics by Robert Irving, Knopf, 1959. Simple investigations and 
ning, making, bending and bouncing, recording, 


illustrations explain the mea x 
transmission, and hearing of sounds. Musical scales and animal sounds are 
(Average) 


included. 
a Freeman, Random House, 1961. De- 


The Story of Electricity by Mae and Ir 
scribes how electricity works in flashlights and vacuum cleaners, ìn cars and 

| g the earth. Easy investigations are included. 

(Easy) 


factories, and in satellites orbitin 


> INTRODUCING THE UNIT 
s unit is to allow time for pupils to read page 
231 and examine the illustration. This photograph could not have been 
taken 90 years ago. The first electric light bulb was made by Thomas A. 
Edison on October 21, 1879. It was several years before an electric com- 
pany started delivery of electricity from a central station. Suggest that the 
pupils think of something they have done in the last 24 hours that used 
some form of electricity, and then try to describe how they gould have 
done the job without electricity- Electricity does work so easily! W hy 
ful form of energy sooner? 


didn’t people discover how to harness this use 


One good way to start thi 


OFF PARTS OF ATOMS 
Jectricity and note that 
through a 


Section 1: “RUBBING” 


The pupils investigate the 
stored electric charges may 
conductor. 


production of static € 
attract objects OF be made to flow 


Introducing the Concept 
A plastic sandwich bag ¢@ 
briskly over a piece of wool 


day. Better yet, after rubbing, lay it on 
turn the sheet over with the plastic bag on the underside. Does this re- 


mind you of other experiences» such as pulling the plastic bag off a suit 
that has come from the cleaners oF taking nylon or rayon clothing from 


start discussion. If you draw it 
ing, it will stick to a wall on a dry 
a sheet of paper, so that you can 
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TEACHING SUGGESTIONS 


(Text pages 232-38) 


SUBCONCEPT 

A transfer of electrons from one 
object to another gives them poten- 
tial energy; when the electrons 
move, they have kinetic energy. 


Equipment and Materials 
... plastic sandwich bag 


Friction may transfer electrons, giy- 
ing objects an electric charge. 


Processes emphasized 

Investigation (with design of 
experiment) 

Invention 

Observation 

Analysis of observation 

Hypothesizing 

Theorizing 

Prediction 

Testing 


Electrons are extremely small, 


Loss or gain of an electron gives an 
atom a charge. 


an electric dryer? The plastic fabrics sna 
apart and they sway towards the door of 
ing. Pupils may cite other instan 
with the production of a spark. 


How can we make electricity? What is it? How can we make it do 
work? 


p and crackle as they are pulled 
the dryer or towards your cloth- 
ces of this sort of attraction and crackling 


er is allowed to run, A cool, dry day also 
tends to effectuate better transfer of electrons. Whether the objects are 


ss importance for elementary pu- 


nee.) There has been a me 
energy f ricti s ical force 
to electrical attraction, Sy Arom friótion Gonsbanieal 


that there js Sreater attraction between oppositely 
s than between a charge 


-a] sub- 
stance. If they have difficulty, Place d substance and a neutral su 


itive charges located? Where 
all that the charges are iP 
» What is the charge now? If we add a? 
why we move electrons fro™ 
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cleus has the size of a walnut; the nearest electron 
Also tell him that a change in the nucleus 
ar energy, which will be studied in 


him imagine that a nu 
might be a half mile away. 
changes the atom and gives us nucle 
the next unit. 

But do not give the impressi 
dividual atoms. Free electrons co 


off from the individual atoms. 
From static electricity to current electricity. If you hold a book at arm Static electricity is stored energy; 
level from the floor, the book has what kind of energy? (Potential—or current electricity is kinetic energy. 
he floor, what kind of energy does Metals are good conductors. 


stored.) If you let the book drop to t 
the book have? (Kinetic energy.) This kind of potential energy is due to 


the object’s position. What kind of energy does water behind a dam have? 
What kind when it turns a wheel? We can think of an electric charge as 
a form of potential energy. As pupils read “Static and Current Electricity,” 
they should infer that lightning is a change from potential energy to 


kinetic energy. How do you know? (Lightning can destroy a tree or ex- 
oes work.) Actually, the electrons move; 


plode an oil storage tank. It d 
they are given tremendous kinetic energy. 

Why does a spark jump between a charg 
Place the diagram of an atom of copper on the bo: 


on that electrons are removed from in- 
Ilect on substances; they are not rubbed 


ed object and metal objects? 
ard, indicating only the 
outer of the 29 electrons. How many electrons on the outside? (3.) Ex- 
cept for hydrogen and helium, all atoms can have up to eight electrons 
on the outside, All metals have fewer than four electrons. Somehow, with 
their fewer outer electrons, metals seem able to attract an eae and 
he lca charge 15 passed eg rods ar used 


electrons tò flow. Pupils who live in an area W me 
may wish to explain how they conduct electrons harmlessly. 


ight energy. Can you 
Investigating the change ° ight energy y 


f electric enersy to li 
make light by using your muscles? Accept hypotheses without comment, ls n rena 
and then display the materials in the investiga 


tion on text page 237. Let 
interested volunteers have an opportunity to generate an electric current. Equipment and Materials 
zils to be prep 


é a he next day, with 5 237; also thi 
Co king pu ared, t! é a ee text page ; also the 
Sena Ws saci re force they put into turning the crank Teacher's Manual for Classroom 


Laboratory 6. 
was converted into light. 


Electric energy can be changed into 


Ex i 
tending the Concept made electroscope may be easily Equipment and Materials 


D : i ae, A home 

a ah eae pe Run a copper wire through a cork or rub- |... jar i 

ber stopper that tightly fits a jar. Make an L-shaped bend in the lower . tight-fitting stopper 
end of the wire, hang a strip of foil over the L, and stopper the jar. Rub -:: cone S y ; 
a glass rod wiih silk or a hard rubber rod with a piece of fur or woolen . strip of aluminum foil 
cloth. Touch the rod to the copper wire. The leaves fly apart because like 

charges repel, and like charges have been transferred to the leaves from 

the rubbed rad Are the charges positive or negative? An interested stu- 

dent should consult a junior high school science or a high school physics 


book for the answer. To remove the charge, touch the wire with the fin- 
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Equipment and Materials 
See figure. 


(Text pages 236 and 238) 


(Text pages 238-47 ) 
SUBCONCEPT 

The energy gotten out of moving 
electrons is never greater than the 


energy put into making electrons 
move through a circuit, 


Equipment and Materials 
++» generator from investigation 
on text page 237 
.. Short length of tubing 
. glass end of medicine drop- 
per 


gers. Try rubbing other kinds of substances with other prua g m 
cussion of electron transfer and a list of activities are on pages 

‘ k for Elementary Science. E ; $ 
m Sei al Pupils interested in testing Se of kane 
substances may make the device shown in the diagram be om ce 
substances placed across the switch clips will indicate whet ip ; A = 
duct much electricity by lighting the lamp. Conductivity of ee a 
be tested by using a hollow tube that can be plugged with s ok 
into which a copper wire has been inserted. Will distilled water i sf 
electricity? What happens when salt is added? (Salts are a combina 


ing on 
a metal and a nonmetal. Recall the investigation into copper plating 
text page 51.) 


light bulb 


switch 


connections here 


Reviewing the Concept 

Before You Go On. A.l. b 2b 3.a 

Using What You Know. 
attracted when they are 


4a 5a 


The pithballs are r 


are likes 
epelled when the charges are 3 
unlike, 


en- 
i gin to appreciate that work ye 
ergy) must be put in to make electrons move through a distance Sa as 
got out), and that this energy of moving electrons can be transferred § 
a force and multiplied to do 


Introducing the C of 

Start by calling for hypotheses on the nature of the generation aie 
electric current ( prior investigation, text page 237). If you think 0 ee 
generator as a machine, what work was put in? (Force of muscles 


. y 
erted through a distance in turning the crank.) Was the effort force pi 
tiplied? (Yes, by the wheel-and-axle effect.) What work was am 


oncept 
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y : . . . 

you have a class in which some pupils are more perceptive than others, 

you may get several answers: electrons moved through a distance; heat, 
ht do several things. First, 


or both heat and light. In clarification, you mig 

ask how far the electrons moved. They didn’t stop at the light bulb, be- 
cause disconnecting the wire beyond the light would stop the glow. Ex- 
amine the wire going to the light bulb and the wire in the light bulb. 
Which is smaller around? As a model, you may have pupils blow through 
a short length of glass or plastic tubing and the wide end of a medicine 
dropper tube (be sure they're sterile). Which offers the greater resist- 
ance? In their work with machines and engines in the preceding units, 
pupils can recall that energy used to overcome resistance was changed 
to heat energy. If something gets hot enough, it gives off light energy. 


In this instance, the work done by the electrons in overcoming resistance 
in the light bulb wire is the useful work; light is wanted, Can a magnet 
here was a magnet in the 


do work? (Of course.) Why do you suppose t 
generator? Do you suppose it helped move electrons? Now pupils are 
ready for the investigation on te 

How can we make electrons mM 


current? 


xt page 239. 
ove? How can we get more electric 


Developing the Concept 


Generating an electric current with a magnet. Both of the investiga- 


tions on text pages 239 and 241 may be carried on simultaneously by dif- 
ferent groups of pupils, the results reported and compared, and the text 
read up to “Producing Powerful Electric Currents.” A galvanometer is 
a sensitive instrument. Caution care in its handling; it is capable of mea- 
suring small amounts of electric current and should never be connected 


except as you direct. 
Pupils may benefit from a comparison with machi 


t R a 3 
hree ways in which a flow of electrons can be incre: 
ve weight—or mass, 


are a form of matter (they ha see page T-114), an 
increase in flow is equivalent to an increase in the load lifted. More work 
can be done in the same time bya machine if we can increase the speed, 
use a greater force directly, or multiply a force. In the two investigations, 
which part has a force that is multiplied? (The magnet.) How is its force 
multiplied? How do we know? What machine did we discover (Unit 
Four) that increased speed? (Wheel and axle.) How do you think a 
wheel and axle might be substituted for muscles to increase speed? Pu- 
pils will probably have little difficulty in inferring that falling water, 
steam, or another form of energy may be made to turn a bladed wheel, 
or turbine, to increase the speed, thus giving a greater force that will 
give a faster push to electrons- 

Nore. Since this section is Very long, this may be a good place to con- 
clude the day’s work. It will also give more time to investigate the elec- 
tromagnet, in review of earlier work in science or for those pupils who 
have no understanding of the concept—or at best a hazy one. 


nes in discussing the 
ased. Since electrons 
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TEACHING SUGGESTIONS 


Processes emphasized 

Investigation (with design of 
experiment) 

Observation 

Analysis of devices 

Hypothesizing 

Theorizing 

Prediction 

Measurement 

Reporting 


A magnet moving in a coil of wire 
induces a flow of electrons in the 
wire; this flow of electrons can be 


increased. 


Equipment and Materials 
See text pages 239 and 241; also 
the Teacher's Manual for Class- 
room Laboratory 6. 


A wire through which electrons are 
flowing has a magnetic field. 


Equipment and Materials 
... bar magnet 
...- iron filings 


A stronger magnet may be made 
by converting electric energy into 
a magnetic force. 


Equipment and Materials 
... Several feet of bell wire 
... dry cell 
+... compass 
: : Small iron nails (brads) 
..iron spike 


Magnetism and mechanical energy 
fogether provide a strong and 
steady flow of electrons; this flow 
of electrons can be converted into 
a steady force to do work. 


A stronger magnet. Actually, the secret of producing a aang a 
steady current of electricity was the result of a chance ma ery S 
then an electric current was more or less an interesting an pu ee 
phenomenon. In 1819 a Danish science teacher, Hans Christian Oers A 
was demonstrating a battery. A wire in his electric circuit was lying S of 
a compass on his demonstration table. As he connected one a hea 
the battery, he noticed that the compass needle moved. Chance vee 
the mind prepared.” Every time he connected or disconnected the ing 
compass needle moved. There must be a magnetic field in the wire, 
Oersted reasoned. sii 

Magnetic fields can easily be shown. Follow the directions on H 
page 243, and note the pattern of iron filings. Now run a length of cap i 
wire through a piece of cardboard, support the wire vertically so tha 
it is taut, and connect the ends to a battery of two dry cells. Support a 
cardboard horizontally and sprinkle filings near the wire and tap the 
card. The filings arrange themselves into a pattern that indicates a mag- 


netic field. Disconnect the circuit, and tap the card. The field collapses: 
Magnetism can be made from electricity. 


Making a stronger ma 


rials suggested. They may wind ten turns of wire around a pencil to form 
a coil, connect the end 


` attracted to the end of the spike. (The 
magnetic field of the wi 


ot recall that it does from earlier work in scienc® 
Electricity from magneti 
241, the pupils caused a 


: be increased by multiplying 
ce. Pupils, if they h i namg 
section should do so now. ian 


Relating the concepts. Man: 
section. It is well 
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but the energy put in did work; the electrons moved. When a wire moves 
at right angles to a magnetic field, the “rubbing” of the wire against the 
field sets electrons moving along the wire. The motion of the wire pro- 
duces motion of electrons. Matter (electrons) in motion has kinetic 


energy. 

Electrons cann 
means a source of energy, 
source. Hitch these sources of energy to a mac 
increase speed. Find a way to cut magnetic lines of force so that electrons 
flow. The force of moving electrons can be increased by increasing the 
turns of wire in an electromagnet (giving it more lines of force), and by 
increasing the number of turns of wire in the coil (more wires to move 
across, or cut, lines of force). From what pupils now know of changes 
from one form of energy to another, they should conclude that the energy 
got out of producing electricity can never be more than the energy 


put in. 


ot move unless some force makes them move. This 
such as muscles, water, steam, or another 
hine to multiply force or 


Extending the Concept 
Report. Many great scienti 

velopment of electric energy- Inter 

one of the following and report on 


sts and inventors are connected with the de- 
ested students may wish to look up 
his work: Luigi Galvani, Allessandro 


Volta (electricity from chemical cells), Hans Christian Oersted, Michael 


Faraday, James Watt, André Ampère, Thomas A. Edison. All but two of 
these have had elect its of electrical measurement 


rical devices oF uni 
named after them. What are they and what do they do or measure? 
How does a chemical cell make electrons move t 


hrough wires? Junior 
high school texts in science usually discuss the dry ce 


Jl and produce dia- 
grams. Pupils may be encouraged to 


find out all they can about dry cells 
and report their findings. Are they really dry? How long do they last? 
in a short time? 


How can you ruin a dry cell in a . 
Reading a meter. Less ab i investigate how to read a meter 
on the cost of electricity dur- 


and report, with their arents’ P' 
fe p oes the term kilowatt-hour 


ing th much is used? What d 
peer ps oa neces are used each day and for how 
er way? If so, how much 


(kwh) mean? What kinds of applia 

long? Could many of these jobs be done in another 

longer would it take? That is, how does electricity multiply the forces 

we have to do work? cassie 
Other extensions. For some pupils, the study of electricity is difficult; 

for others, easy and fascinating. f aga ra paia in- 

vestigati i tism and electricity are to 5e ound in Classroom 

Te magnet ge F-18). Films and 


Laboratory 6 and Invitations to Investigation (see PASE = 
filmstrips are also useful in developing concepts 1n electricity. (See pages 


T-111-12 for a selection. ) 
(Text pages 246-47 ) 


Reviewing the Concept 


Before You Go On: A 12 24 3. d 
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TEACHING SUGGESTIONS 


pE 


(Text pages 247-56) 


SUBCONCEPT 
The energy of moving electrons can 
be used to do work. 


Processes emphasized 
Observation 

Analysis of devices 
Building working models 
Library research 
Hypothesizing 
Theorizing 

Prediction 

Reporting 


Electric energy can be converted 


to sound energy by a mechanical 
device, 


Using What You Know. 1. A source of energy. 2. A magnetic field around 
the magnet; the filings should be arranged in an elliptical pattern, running 
from one end of the magnet to the other. 3, Potential energy is stored en- 


ergy (due to position, tension, or chemical composition; also other means o 
storage); kinetic energy is energy of motion, 


Section 3: ELECTRIC BELLS AND ELECTRIC MOTORS 


Having learned that energy must be used to m 
pils discover that this energy can be harne: 
The kinetic energy of moving electrons is c 
Machines can multiply the force, 

NOTE. Since this section call 


ake electrons move, pu- 
ssed to machines to do work. 
hanged to mechanical energy. 


Introducing the Concept 

Sometimes a good w. 
or two. Where did the 
comes from the outer 
ancient history, About 2 


ay to generate interest is by telling an anecdote 


come from? Pupils may think it 
d off atoms. But it has a far more 
© a Greek philosopher named Thale 
Pidly with a cloth it picked up smal 
er was elektron, but it was not until 
ign of Queen Elizabeth I that anyone was much 
t. In 1600 William Gilbert, an eminent scientist, 
n which he described a number of ex- 
ned the word “electrics” for the objects 
cting other objects, And the name stuck. 
Y, a generator, which uses 


made. He coi 


Developing the Concept 


f de electric bell. After Pupils have read “The Purpose of Switches, 
regara the similarities between an electric bell and an electric m0- 
OF as suggested on text Page 249, Encourage hypotheses as to how an 
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electromagnet is used in both, but let the pupils test their hypotheses by 
doing the subsequent investigations. Be sure the pupils see the difference 
between the generator (magneto) with a permanent magnet and the elec- 
tric motor with its electromagnet. Compare the force needed to generate 
electric current in the magneto and the force needed (by closing a switch) 
to make a bell ring. 

Why do we have switches in an electric circuit? How many kinds can 
you think of? Are there knife switches at home? (The main switch that 
turns off all the electricity in a house is usually a knife switch.) A bell 
button or an electric light wall switch is a contact switch. As long as the 
pressure of the finger or of a spring is maintained, one part of the circuit 
is closed. Are there any other switches in an electric bell? The modeling 
of an electric bell (text pages 250-51) will produce the answer. A good 
part of a class period at least will be required to set up the model, depend- 
ing on the manual dexterity of your pupils and their ability to follow direc- 
tions. Some pupils may ask to work at home or after school hours. By all 


means, encourage this interest, if possible. 
bell. Recall internal and external 


Explaining the work of an electric : 
combustion engines. A force was transferred from the source of steam to 
a machine, What device transferred this force? (A piston.) Is — 
similar device for transferring an electrical force from the source o è 

distance and does work: 


eher a rice that moves through a 
gy to another dev — y 


; n me ly 
Yes, a wi iston did not multiply force; it merely 
: od rh i A wire transfers force—the force of 


to one type of machine or another. ; i 
seg EiS another machine. This machine may multiply the 
force.) In most energy conversions, there is some way to ee the 
force built up from input of energy. Pupils will be able to infer — 
difference of electrical charge is built up between the electromagne a 
the clapper. In other words, potential energy is e up; ay the es 

i i t. Potential energy is changed to 
per is attracted to the electromagnet. i il 
kinetic energy; the electrons move npr and re by bone $ 
e ized i anit What pulls the clapper Dac’ , = 
Siale f thaier WE ructure.) In other words, 


i i to its st 
vice with built-in potential energy due : 
electrical energy builds up an unbalanced force and the clapper moves; 


the tension of the spring ad becomes an ae ae were 
clapper is pulled back. What would happen © 619 Co s ay on 
too far apart? (The electromagnet could not Boi ara a a the 
move the clapper.) If they were too close together! ( Lest es 
electromagnet would be more than the force the sprak oi y a 
the clapper would not snap back. This is the reason that pupi inet om 
to make adjustments in their model.) How do the contact points act a 


a switch? (They open and close the circuit. ) 


The electric motor. One of the best ways to understand how a electric 
motor works is to build the working model, as directed on text pages 
254-55. It may take a class period or more to construct, depending on 
the dexterity of your pupils. The edges of metal strips that are cut out 
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TEACHING SUGGESTIONS 


In an electric bell, electric energy 
does work in moving an object, the 
clapper, through a distance. 


An electric motor 
multiplies a force. 


transfers 


and 


Equipment and Materials 


See text page 254; also the 
Teachers Manual for Classroom 
Laboratory 6. 


(Text page 256) 


may be roughened and made less sh: 
the rotating part (armature ) 
vice, called a commutator, r 
flows through the armature 

effect of changing the poles 
attracted and repelled by th 
There may be four, eight, o 
many electromagnets as there are coils, 


arp by light filing. In an actual motor, 
is an electromagnet in which a special de- 
everses the direction in which the current 
for every half turn it makes. This has the 
of the electromagnet so that it is alternately 
e poles of the magnet within which it rotates. 


as the room gets warmer or cooler, 

What do motors do? How many devices can you find that use electric 
motors? A display of illustrations of motors of all sizes with some of the 
kinds of work they do would make an interesting bulletin-board display. 
What does horsepower mean in a motor? How is it figured? F: ind out 
how James Watt figured it, 


Reviewing the Concept 
Before You Go On. 


Using What You Kno 
cuit). 2, Clapper ( 
Magnet (attracts th 


A. lb 2a Ba 


l. Contact point (breaks the oa 
to sound the gong). 3. rg 


ircuit is broken) 


within a magnet) 
(armature) i 


- N 
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Section 4: ELECTRIC SIGNALS 


and model building, see how sound (the 
be converted into electric signals by 
wires, and reconverted into 


Pupils, through investigations 
motion of molecules in air) can 
means of electromagnets, transported over 
sound. 


Introducing the Concept 
The introductory paragraphs raise questions which may be used to 


start thinking about the many uses of electricity as a means of commu- 
nication. Or you may start first with other questions such as these: If you 
had no telephone, how would you send a signal to a friend that you 
wanted him to come over and play tennis? What signaling devices have 


people used in the past? Pupils may recall smoke signals, blinking lights, 
ple used in the Y P and semaphores. What did these all 


beating of drums, flashing mirrors, 
ould have to be a way to get the re- 


rely on? (Sight or sound.) There w 2 
ceiver’s attention, and some code to carry the message, would there not? 
You have already built a mo nd of electric signal. What was 


it? (The electric bell.) How wou bout using the bell to carry 
a message? 

What part in the electric bell is in e 
How do the telegraph and telephone wo 
travel over the telephone? 


del of one ki 
Id you go a 


very telegraph or telephone set? 
rk? Does the sound of your voice 


Developing the Concept 
A model telegraph. Afte 

sages by Code,” pupils shou 

(text page 259). Two sets are 


(telecommunication ). For classroom 3 ; 
for the sounder. the message read by decoding the signals from the 


flashing light Encouraging Jearning of the International Morse Code may 


dio “ham.” 
prod tion for a later hobby as a rad 
pappaa e activity, pupils should be aware that 


the essential part is ihe electromagnet, which is sensitive to every altera- 


ion į ae on the key. The sounder bounces up 
tion in the timing of tie ee oe up-and-down motion of the finger 


and down instantaneously ircui 

ra ie oe T ee ade th itch (key) closes the circuit, electrons 
flow; the instant it ee fae neers ee energy. This is changed to 
converts the force of the nger 

a magnetic force that pulls down 


doe: vey the message p z 
we ane yaoi may need no review of sound as vibration, a 
is sound! 


i Jecules of matter. Unit One of 
forr : er imparted to mo 
aa : sa a eped the concepts of sound as energy travel- 
re pts in i may wish to add a copy to the science reading table 
Pica rica ort there seems to be need for a brief review, stretch a 
classroom. 


general commentary on “Mes- 
Id build and operate the model telegraph 
needed for communication at a distance 
use, a light bulb may be substituted 


r reading and 


? (Sound, movement of molecules.) 
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TEACHING SUGGESTIONS 


(Text pages 257-67 ) 


SUBCONCEPT 

Sound waves may be converted 
into yarying strengths of electric 
current, transferred through a con- 
ductor, and reconverted into sound 
waves. 


Processes emphasized. 
Observation 

Analysis of devices 
Development of working models 
Hypothesizing 

Theorizing 

Prediction 

Library research 

Consulting 


Opening and closing a switch in an 
electric circuit can be used to trans- 


mit signals. 


Equipment and Mi aterials 


See text page 259; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


Sound is the vibration of molecules 
in a wavelike pattern. 


Equipment and Materials 
... embroidery hoop 
... tissue paper 


...fine sand 
... Slinky 


Sound waves can be converted into 
electrical energy, transmitted over 


a circuit, and reconverted to sound 
waves, 


Equipment and Materials 


See text pages 263 and 265; also 
the Teacher's Manual for Class- 
room Laboratory 6. 


sheet of tissue paper taut over an embroidery hoop. Pulsations of the 
paper will be seen if you hold it close to your mouth and speak against 
it. Or sprinkle fine sand over the paper and hold it above a vibrating 
object—an alarm clock for example. The sand grains will “dance up and 
down. Perhaps all that will be necessary is for the pupils to say “hello 
against their hand held an inch or two from thei 
air molecules will be felt, 


Where else have we used moving molecules to do work? (Heat en- 
gines.) Is heat the same as sound? (No. All molecules are in motion and 
possess kinetic energy; that is, heat.) The mechanical energy in a ya 
brating object makes the molecules move back and forth, They transmit 
the energy to any other object they strike against. How sound waves 
travel can be modeled by hanging up a loose-coil type of spring, such as 
a Slinky. Hitting one end will show a ripple of motion, an alternate 
squeezing and lengthening, which resembles the motion of sound waves. 
You may wish to end the day’s lesson at this point with “Tomorrow we'll 
build a telephone. What do you think we'll need?” 

A model telephone. After pupils have read through “What Happens 


to Your Voice,” they are ready to start building the model telephone (text 
page 263). They will learn more from this 


of general discussion, Y 


r mouths. The push of 


is a form of mechanical 


energy. Pupils should trace the energy conver- 
sions from mouth 


entire hookup. Which parts change 
The electromagnets,) Which parts 
a form of energy? (The disks, wiles; 
lephone set is available, the pupils 
) ing it as suggested on text page 265. 
Extending the Concept 

A visit to a tele an arrange an appointment 
with the local tel y, the pupils will come away with a 
heightene i technological complexities of 
the operation of the teletype 
ined and shown by the com- 

Biographical reports. Encourage the 
about Samuel F, B, Morse, inventor of th 


ham Bell, inventor of the telephone. W. 
overcome? What cha 


25 years? 

One day without electricity. The importance of this form of energy 
can be dramatized by pupils who like to write, They can invent an 
Imaginary story or write a 


“e a report of an actual event, resulting from flood, 
hurricane, or a break in the Power line, 


Pupils to find out all they can 
e telegraph, and Alexander Gra- 
hat obstacles did each have to 
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UNIT SIX / ELECTRONS IN ACTION 


Reviewing the Concept 

A. 1. 1. Key (transmits electric signal). 2. Dry cells 
); 3. wire (one part of the complete electric cir- 
); 4. electromagnet (when circuit is closed, it 
bar (produces an audible clicking noise as the 


circuit is closed). 2. 6. Transmitter (collects sound waves); 7. metal disk, 
or diaphragm (vibrates with sound waves and transmits energy to carbon 
granules); 8. carbon granules (change vibrations into a pattern of electric 
impulses); 9. receiver (transmits sound waves); 10. disk, or diaphragm, 
(vibrates and transmits sound waves according to original sound pattern); 
11. electromagnet (attracts disk in accordance with varying flow of electricity 


through circuit). 
Using What You Know. 1. Both have devices for converting one form of en- 


ergy to another. 2. The transmitter’s carbon grains change sound into elec- 
tric energy; the ri agnet changes electric energy into sound. 


Before You Go On. 
(source of electric energy 
cuit; electrons flow through it 
attracts sounder); 5. sounder 


eceiver’s electrom: 


Section 5: RELAYS WITHOUT WIRES 


nvestigation of energy conversion and trans- 
concepts (ideas) and inventions 
hrough space possible. 


Pupils complete their i 
mission with an examination of the 
(tools) that have made communication t 


s without wires? To this 


Introducing the Concept 
th radio and television. 


In how many ways can w 


question, your pupils will immediately answer w 
? He . 2 Tae 
What other ways are there—what kinds of devices? Write the word ELEC 


TRONICS on the chalkboard. This term should suggest tubes and — 
and a host of appliances that transmit signals—from opening the garage 


door from a distance to signals from a spacecraft ee ine tey 
Free discussion of how these „ork should be ¢ 


devices W 

without corrective comment. ee 

You may perhaps also wish to explore ti E 

no radio stations until 1920? The key ques a 
What is an electromagnetic wave? How t? 


it carry a signal? 


e transmit si gnal 


uestion: Why were there 


however, are: 
5 it travel? How can 


re, Suppose you wanted to send 
here telephone wires could not 
a way to do it? Recall that once sim- 
vented to multiply the force of muscles, man 
shi 7 inked with steam and 
looked more energy- Machines were lin i | a 
fuels Pex ined source of energy that could be linked with electricity? 


é do work and that a 
The i ils may recall that magnets can do V 
perceptive p a magnetic field produces electricity. Or you may 


wire moving throug 


Developing the Concept 

Investigating magnetic fo 
a message to an astronaut 0 
be strung. How could you 
ple machines had been in 


rce from a wi 
r to a place W 
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TEACHING SUGGESTIONS 


(Text page 267) 


(Text pages 268-78) 


SUBCONCEPT 
Electric energy can be changed to 
electromagnetic waves that can 
carry signals through space at the 
speed of light. 


Processes emphasized 
Observation 

Analysis of devices 
Reporting 
Computation 
Measurement 
Hypothesizing 
Theorizing 

Prediction 


Whenever electrons flow through a 
wire, they set up a magnetic field 
around the wire. 


Equipment and Materials 

See text page 269; also the 
Teacher's Manual for Classroom 
Laboratory 6. 


Electromagnetic waves can activate 
devices in space to gather light and 
sound and fransmit their signals to 
earth, 


(Text page 278) 


energy as the electrons strike them. The pattern of light is reproduced 
exactly as it was picked up by the television camera—the same number 
of lines, the same number of dots, and the same number of pictures per 
second. To diagram energy conversions in television broadcasting, sub- 
stitute light for sound. Again, the concepts can be understood, but the 
technology is beyond pupils at this level. 

Space communication. In these days of unmanned as well as manned 
spacecraft, it is hardly necessary to do much more th 
have free rein in reporting information they h 
papers and television broadcasts. You may, however, wish to ask pupils 


to relate what they report to the types of energy conversions and transfers 
they have been studying, 


an let the pupils 
ave gleaned from news- 


Extending the Concept 
Reports, Perhaps only the more able 


report on such topics as kinds of tubes in radio or television sets, AM 


and television; but most pu- 


never a picture tube). 
and carefully break the glass. 
s? The square of metal in the 
plate and the filament is a screen 

icity on the grid makes a big dif- 
the strength of the current passing from the filament to the 
plate. This means that the radio tube can amplify a weak signal. This 
hat led to the development of ra- 
ay find out what they can about 
© extent they are able to compre- 


m tube. Others may wish to report on Gu- 
transmission, 


Reviewing the Concept 
Before You Go On. A. loa 


Using What You Know. 
and reconvert electric en 
energy conversions— 


2a 3a 4b 


aves into electric energy 
b. The telephone has three 
energy to sound. The radio has five 

í C energy to electromagnetic waves to 
lectric . : ; 
electric energy to sound. © telephone transmits electromagnetic 
lectric energy over wires. 
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UNIT SIX / ELECTRONS IN ACTION 


Electron tubes are used to convert the energy from one form to another in 
the radio telephone; the ordinary telephone uses carbon granules and an 


electromagnet. 


Section 6: THE MAIN CONCEPT: 
CHANGING AND TRANSFERRING ENERGY (Text pages 279-83) 


ources of electric energy, they comprehend more CONCEPTUAL SCHEME 


As pupils re-examine s 
When energy changes from one 


fully that the first source of energy is the sun, that energy is constantly 
being changed from one form to another, and that there is no loss or | form to another, the total amount 
. g f 4 r 
gain of energy during the process. of energy remains unchanged 
UNIT CONCEPT 


CONCEPT SUMMARY The amount of energy gotten out 
t? Place a circle on the right-hand of a machine does not exceed the 


How does the sun run your TV se ; ye doe 
as you ask the question. In what energy put into if. 


side of the chalkboard and label it sun, 
forms of matter does the sun store energy On earth? If necessary, review 
that stored energy is potential energy because of its position or chemical 
composition. Pupils should be able to cite water, food, and fuel. How is 
Water given potential energy? (The radiant energy of the sun is con- 
verted to heat energy [kinetic energy of vibrating molecules], and water 
evaporates. The lighter, moisture laden air is pushed upward by the 
downward pressure of heavier, colder air. The water vapor condenses, 
falls as rain, and is gathered in lakes or rivers or behind dams. It obtains 
potential energy of position. ) How is the potential energy of water con- 
verted to electricity? (In two ways: by turning a machine directly; by a 
Physical change to steam which turns a machine. ) What changes take 
Place as electric energy is transferred to light energy in the TV set? (See 
Pages T-127— 
Bring oe a each form of energy develops a force that does work. 
Anything that moves has energy and can do work. For example, the force 


of moving molecules of water is tr 
Potential energy (a difference in c 
transfer the force of moving electron: 
motion. 

NOTE, As pupils develop the concepts of energy changes and transfers, 
you may wish to chart them on the board, leading out from the circle 
labeled sun (next page), leaving the atom out for the moment. Matter- 


energy relationships are the subject of the next unit. 
After the above example, it is well to have the pupils read the section, In how many ways can we obtain 


if they have not already done s0- Encourage them to trace the transfer electric energy by changing or 
of energy stored in fuels and food by the process of photosynthesis. You transferring other forms? 

may find it necessary to ask a few guide questions, such as the follow- 

ing, to keep the pupils on the track. It is beneficial to their thinking, how- 

ever, to let them attempt to formulate the concepts themselves. What 

orm of potential energy do foods and fuels have? ( Chemical.) How is 


ansferred by machines to give atoms 
harge of electrons). Various devices 
s to set electromagnetic waves in 


TE 
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> 


Is all the force generated by elec- 
tricity used to do work? 


POTENTIAL _ KINETIC 
POTENTIAL $ KINETIC ENERGY —————_»- 


E a 
ENERGY ENERGY 
ENERGY (Energy transfers and conversions) 
Water set in motion moves >» Machines 
chemical 
changes to operate 
Fo 


Fie Shon i Museles;——— Machines 
give energy to 


place Electric 


; y on trons 
chemical physical atoms se 
changes change to p 

- Water Machines 
give energy to steam 
operates 


energy from chemical changes in 
internal combustion engines 


operates Machines 


Fuel 


the stored chemical energy changed to kine 


change; oxidation and combustion impart kineti 
cules; that is, heat energy. ) 


How is the force Senerated b 
in the steam engine? (By a physical change of water to steam.) How is 
this force transferred? (By a piston and machines that transfer the force 
to move electrons; that is, to generate electrical energy, ) 

From what bit of matter can we get electric energy? (The atom.) How? 
(By giving it an electric Is this electric charge potential energy 
or kinetic energy? (Potential; the electric charge is greater than on neu- 
tral or oppositely charged atoms.) How do we change this potential en- 


ting the charges—electrons—to move.) 


or by mov h a mag- 
netic field. ) ing a wire or coil through a 
If a pupil does not understand the concept of work, he is likely to go 
wrong on thi h d 


UNIT SIX / ELECTRONS IN ACTION 


heat and light are evident, the one by sight and the other by touch. The 
light bulb is a kind of machine invented to change electric energy into 
light energy. Work is done when one form of energy is changed to an- 
other. Thus, useful work done by the moving electrons is to provide 
light, but the actual work done includes generating both light and heat. 
Place your hand on a radio after it has been running for a while, or on 


the housing of a motor. Heat is felt in each instance. At least two energy 


conversions are made whenever energy is transferred or changed from 


one form to another. 


FIXING THE MAIN CONCEPT (Text pages 280-83) 


Testing Yourself. 1. Friction of the car against the road and of the gasoline 
sloshing back and forth in the tank gives the body of the car a charge of 
electricity. The wire leads the charge into the ground; otherwise the toll 
collector might get a shock. 2. No. An electromagnet is necessary to pull 
the clapper and release it as electricity flows through a circuit. 3. No. A 
disk, or diaphragm, is necessary to transmit the vibration of sound waves to 
the carbon granules, which convert these vibrations into electric signals. 
4. No. An electromagnet is needed to convert electric impulses by attracting 
a diaphragm in the receiver. 5, No. There is no source of electricity con- 


nected to the electromagnets. 


iik Tat La BP BE Ee BS EE ES 
lla 


8 a 9b 10.b 


t is broken. 2. Close the switch. 3. Position 


On Your Own. 1. The circui 
th the wires to close the circuit. 


b; the mercury must be in contact wi 
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1. “Rubbing” Off Parts 
of Atoms 


Have you ever scuffed across a 
wool rug and felt a small shock when 
you touched another person or a 
piece of metal? If it was dark, you 
may even have seen a spark. Also, 
when you combed your hair on the 
same day you may have heard a 
crackling sound. 

What do these observations—the 
shock, the spark, the crackling— 
mean? By doing the investigation on 
the opposite page, you will add to 
these observations and be able to 
make sense of them. 


One Explanation 

Look around you. All the things 
you see are made of atoms. The atom 
shown in the diagram is an atom of 
carbon, greatly enlarged. The real 
carbon atom is very small; it is so 
small that it would take millions of 
carbon atoms to make a piece of car- 
bon big enough for you to see. 


232 


In the center of the atom is the 
nucleus (n00’klé-os) and revolving 
around it are electrons (i-lek/tronz). 
Electrons are tiny electrically charged 
particles. They are negative charges 
of electricity, 

The electrons “rub off” onto the 
plastic rod or the comb. The term 
“rub off,” however, is not accurate. 
It is better to say that the electrons 
in certain substances (for example, 
wool) are easily transferred to other 
substances such as hard rubber (vul- 
canite) or plastic. The rubbing helps 
to transfer the electrons, 

Electrons can be transferred from 
many substances to other substances 
by rubbing. The plastic rod seems to 
collect the electrons from the wool. 

A negative charge is usually writ- 
ten as minus char 


“ o» 


ge or just plain 
The more electrons the rod 
collects, the stronger the negative 
charge becomes. Each electron is 
really a single unit of negative elec- 
tric charge. 

The rod has a negative charge be- 
cause it has collected extra electrons. 
On the other hand, the bits of paper 


or the stream of water have not col- 
lected extra el 


paper 
is the 
word “neutral.” When 
ence in charge on two 
the substances attract 


there is a differ 
substances, 


AN INVESTIGATION into a Force of Attraction 


Needed: a plastic, or vulcanite, rod or 
comb; a piece of wool or fur; a bal- 


loon; tissue paper 


First, tear up bits of tissue paper. Hold 
the rubber rod or the comb near them 
for a moment, then remove it. Were the 
bits of paper attracted to the rod? 

Rub the rod or the comb briskly with 
a piece of wool or fur. m Again bring 
the rod near the bits of paper.@ Does 
the rod attract the bits of paper now? 

Bring the rod near a stream of wa- 
ter. a Does the stream bend toward the 
rod? 

Now briskly rub the wool or fur 
ide of an inflated balloon. 
he ceiling or 
Does the 


against the s 
Throw the balloon to t 
place it against the wall. 


balloon stay there? 


Sometimes, 


Investigation: 
however hard you try, the balloon does 
not stay on the ceiling or on the wall. 
What kind of day is best for this investi- 
gation? 


Additional 
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charges that are unlike 
attract each other 


each other; thus the paper and the 
water are attracted to the rod. m 
The opposite of a “negative” 
charge is a positive or plus (“+”) 
charge. A substance develops a posi- 
tive (+) charge when it loses elec- 
trons. The piece of wool, for exam- 
ple, developed a positive charge when 
it lost some electrons to the rod. 
When a substance with a positive 
(“++”) charge is brought near a sub- 
stance with a negative (—) 


charge, 
the force of attraction is stro 


ng. 
© 


Again, rub the piece of wool against 
the rod, and then pass the rod back 
and forth about ł-inch above the 
part of the cloth you just rubbed. © 
Do you find that the small fibers of 
wool are attracted to the rod? They 
are attracted because the charges are 
different. The part of the wool cloth 
that was rubbed is positive (+), the 
rod is negative (—), 

The bits of paper are neutral; they 
have no charge (neither negative, 
nor positive), but they are attracted 
to the negative rod because there is 
a charge difference betw 
per and the rod, 

Would the pieces of paper also be 
attracted to the Positively charged 


part of the wool cloth? Test your 
answer, 


een the pa- 


Static and Current Electricity 
Electricity that is not moving is 
called static electricity, When the 
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electrons collected on the rod, the 
rod had a charge of static (not mov- 
ing) electricity. A charge of static 
electricity can be removed, or dis- 
charged, by bringing the substance 
near a good conductor of electricity. 
A conductor is any substance, such 
as metal, through which electrons can 
flow easily. 

Recall your experience when you 
walked on a wool carpet. You were 
charged with electrons as you scuffed 
across the wool carpet, but you dis- 
charged the electrons when you put 
your finger close to something made 
of metal. 

In a thunderstorm, great amounts 
of static electricity are discharged. 
Clouds moving in the atmosphere 
can collect a charge of electrons. 
When the charge becomes great 
enough, lightning flashes through the 
sky. Lightning 1s à discharge of static 
electricity. The electrons may be at- 


tracted to a metal lightning rod or 
though a tree 


even to a tree.A Even 

will not conduct small charges of 
electrons, a flash of lightning is pow- 
erful enough to pass through it. 
Lightning, then, is a huge number of 
electrons that move fast-suddenly, 
with a flash of light. The sound of 
thunder follows. 

You can move electrons in another 
way, Of course you have turned on 
the electric light, or television, or Ta- 
dio. With a flick of the switch elec- 
trons flow along a wire. Electricity 
moving through a wire is called cur- 
rent electricity. 
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When you flick a switch, you do 
not use static (nonmoving) electric- 
ity, but current (moving) electricity. 
In other words, a light bulb glows 
when electrons are moving in a wire 
(current electricity). See for yourself 
by doing the investigation on the op- 
posite page. 


From Muscular Energy 
to Electric Energy 

There are many forms of energy. 
When you lit the bulb by means of 
the hand generator you changed en- 


ergy from one form to another. The 
chemical energy from food in your 
body was changed to mechanical en- 
ergy (movement of the arm). The 
mechanical energy was changed to 
electric energy and then to light 
energy. 

When you cranked the generator, 
then, the chemical energy from the 
food in your body was changed into 
electric energy, the energy of mov- 
ing electrons. Now let us search fur- 


ther into the way electrons can be 
made to move. 


BEFORE A. Study the stateme 


nts below and choose the correct re- 
YOU GO ON sponses. They will he 


Ip you fix in mind the concepts of this 


section. 
1. All the things around us are made up of 
a. compounds b. atoms 
2. When a plastic rod is rubbed with wool or fur, it collects 
a. protons b. electrons 
3. The sig 


n which would show the char 


<a» 


ge of an electron is 
a b: #4” 
4. When there is a di 


the substances which are differently ch 


a. attract each other b. repel each other 


is called 


b. current electricity 


5. Electricity that is not moving 
a. static electricity 


USING WHAT In the diagrams on page 238, you will find what are called 
YOU KNOW pith balls hanging from strir 


ngs. 
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AN INVESTIGATION into Lighting a Bulb with an Electric Current 


Needed: a small hand generator; a 
socket, as shown; and a small bulb 


If your school has a small hand genera- 
tor like the one shown, examine it care- 
fully. The purpose of this investiga- 
tion is to see what it does and how it 
works. 

Place a small bulb in the socket of 
the generator, and turn Hie gan 
quickly. m Does the bulb light up? It 
should light up as electrons move 
through it. You have generated an elec- 
tric current, or a stream of electrons 
moving through a wire, to light the 
bulb. 

Current electricity is lighting the 
bulb. Where did the electric energy to 
light the bulb come from? What energy 


changes took place? 


wa) 


Ask your teacher to help you take the 
generator apart.e What are the U- 
shaped pieces of metal, and what are 
they used for? What turns inside these 
metal “U's”? 
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In diagram 1, the pith balls have been charged with elec- 
tricity. In diagram 2, the pith balls also have an electric 


charge.® 


diagram 1 E 


1. Which diagram shows pith 
charges of electricity? 


2. Which diagram shows 
charges of electricity? 
Explain your answer, 


2. Generating an Electric 
Current 


When you turned the crank of a 
generator, you did some work to pro- 
duce the electric current. Recall from 
Unit Four the scientist’s concept of 
the word work. Whenever an object 
is moved through a distance, work 
is done. In the hand generator, which 
object was moved through a distance? 
The crank moved as you turned it, 
and the coil inside the magnet moved 
as well. As it spun around, somehow 
an electric current was produced, 

Let us look further into the way 
an electric current may be produced 
by doing the investigation on the op- 
posite page. 
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diagram 2 @ 


balls charged with unlike 


pith balls charged with like 


Electric Current— 
An Explanation 

What happened when 
moving the magnet; 
what happened whe 
doing work? The 
moving as well; ther 
electrons, 

The chemical en 
cle cells is changed 


you stopped 
in other words, 
n you stopped 
needle stopped 
€ was no flow of 


ergy in your mus- 
es the magnet. 


y of the moving 
to electric ener- 


AN INVESTIGATION into an Electric Current 


Needed: a meter, a galvanometer 
(gal’va-nom’e-tar), as in the pic- 
ture;m about 50 feet of insulated 
bell wire; a strong magnet; a card- 
board tube 


The meter measures the flow of elec- 
trons so that each time the needle 
swings, it is an indication that electrons 
are flowing. 

Did you notice the two knobs on the 
meter? These are the terminals, the 
places where the two ends of the wire 


are attached. 
Now make a coil by winding about 


75 turns of wire around the cardboard 
tube. Insert one pole of the magnet into 
the coil. Pull and push it pack and forth 
inside the tube. I 

Does the needle move? If so, you 
have produced an electric current. 

What happens when you hold the 
magnet inside the coil but do not move 
it back and forth? © 

What must happen if an è 
rent is to be produced? 


lectric cur- 


Additional Investigation: What happens 
if the magnet is held still while the coil 
around the magnet is moved back and 
forth? 

Try to develop a hypothesis of what 
might happen. Then find out by investi- 
gation if your hypothesis correctly eX- 
plains what happened. 
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Does a greater amount of work re- 
sult in a greater flow of electrons? 
The investigation on the opposite 
page will help you to answer this 
question. 


The Ideas Behind Electricity 

The ideas behind electricity are 
simple. One way to produce a small 
electric current (flow of electrons) is 
to move a magnet in a coil of wire, so 
that it quickly passes each of the turns 
in the coil. Can you guess how it is 
possible to make the flow of electrons 
great enough to light a factory or a 
home or to run a machine? The in- 
vestigation you just completed on the 
Opposite page provides several im- 
portant clues, 

To help you remember, let us re- 
view some of these clues. When 


an 
electric current is produced by a m 


ag- 


net in a coil, the flow of electrons can 
be increased by: 

i. moving the magnet faster; 

2. using a stronger magnet; 

3. increasing the number of turns 
of wire on the coil. 

You can make a good guess about 
what is needed in a generator. Recall 
the way you made electrons flow in 
the wire (page 237). Then look at 
the drawing which sho 
of one kind of small ge 
you see a magnet? 
coil of wire? When 
moved inside the 
coil, electrons flow. 

In another ty 
as the one sho 
on page 237), 
coil of wire t 
of a magnet, 
work must b 


ws the inside 
nerator, = Do 
Do you see the 

the magnet is 
turns of wire in a 


pe of generator (such 
wn in the investigation 
electrons flow when the 
irns between the poles 
© With either generator 
e done to light the bulb. 


AN INVESTIGATION into the Flow of Electrons 


Needed: a homemade coil on a card- 
board tube; an electric meter (gal- 
vanometer); a strong and a weak 


magnet 


Attach the coil to the meter, as shown in 
the investigation on page 239. Insert the 
strong magnet into the coil and move it 
back and forth very slowly. Record the 
highest reading. 

After you have recorded how much 
the needle moved, insert the magnet 
again. This time move it back and forth 
rapidly. Œ Do you notice a higher read- 
ing on the meter? Was a greater flow of 
electrons produced by moving the mag- 
net faster? 

Now insert the pole of a weaker mag- 
net into the coil. Move it back and forth 
rapidly. Record the reading.@ Which 
magnet gives a higher reading, the 
stronger or the weaker magnet? Which 
produces a greater flow of electrons? 

Remember the last reading on the 
meter when you inserted the strong 
magnet. Begin to unwind the coil of 
wire. Take off about half the loops, then 
cut the wire and attach the smaller coil 
to the meter as before. Again insert the 
strong magnet into the coil, and move 
it back and forth at the same speed as 
before. A 

Does the meter read less? Does the 
number of turns of wire affect the flow 
of electrons? 
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For a small generator, the muscle of 
your arm does the work to move 
the magnet or to move the coil. The 
small hand generator changes the 
mechanical energy of your muscles 
into electric energy; yet it can light 
only one small bulb. At this rate, a 
large number of people would be 
required to tum many generators in 
order to light even one small house. 
How then are commercial, large-scale 
generators turned? One way utilizes 
the energy of water falling through 
a dam. This energy can be used to 
turn a turbine, as shown. m Then the 
turbine does the work of turning the 
magnets or coils of wire. Another 
method utilizes the force of expanding 
steam to turn the turbine, which then 
moves a generator. 


turning 


The next part of this section ex- 
plains how moving magnets within a 
coil of wire or moving coils of wire 
between the poles of magnets can 
generate great amounts of electric 
current. Without electricity our mod- 
ern way of life would not be possible. 
Did you ever think how much you de- 
pend on a moving coil or a magnet? 
Can you imagine what it would be 
like if there were no electric current 
to serve you? Can you remember a 


time when the electricity went off in 
your home? 


Producing Powerful Electric Currents 

If you did the investigation on 
page 239, you produced enough elec- 
tricity to move a tiny needle back 
and forth or to light a small bulb, and 


electric power 


generator 


electromagnets 


you know that the force of a magnet 
has something to do with the produc- 
tion of an electric current. 

Perhaps you also have an idea of 
what is meant by a magnetic field. If 
not, you can observe the way mag- 
netic force acts by using a magnet, 
some iron filings, and a piece of glass 
or plastic. Place the glass on top of 
the magnet, as shown. ® Sprinkle 
some of the filings carefully on top of 
the glass. Tap it gently. The iron 
filings collect along the lines of force 
of the magnet. They give you a vis- 
ual image of a magnetic field (as 
shown in the picture). 

Notice that the strongest lines of 
force seem to be between the poles 
of the horseshoe magnet. Perhaps this 
explains why it is easy to produce an 
electric current by moving a wire be- 
tween the poles. You are then moving 
it across the strongest part of the 


magnetic field. A 

If you move a wire across a mag- 
netic ‘field, it seems as if the electrons 
in the wire are given a push; they 
flow through the wire and can move 
the needle on a meter. In order to 
keep the electrons flowing, however, 
the wire must be kept moving through 
the magnetic field. If the wire stops 
moving, the electrons stop moving: 
If no work is done, electric current ts 
not produced. Of course, you could do 
it another way, as in the investigation 
on page 239. You could hold the wire 
steady, but what then would be re- 
quired to move in order to move the 
electrons? 


With a moving magnet and a wire, 
you have made a tiny generator pro- 
duce a tiny current. 

How can a larger current be pro- 
duced? How can a current large 
enough to run an electric train or to 
light a city be produced? The results 
of the investigation on page 241 
should give you a clue. When you 
think you have the answer, read on to 
find out how large electric currents 
are generated and to learn about one 
of the world’s greatest dams. 


magnetic field 
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flow of electrons 


only when a current flows through 
the coil, where does the electromag- 
net in a generator get the electricity 
to make it work? 

At Boulder Dam, some of the cur- 
rent produced in the coil of the gen- 
erator is shunted to the wires of the 
electromagnets, as shown in the dia- | 
gram.m This keeps the magnetic 

electrons field around the electromagnet quite 
flow to strong. As the electromagnet spins, 
electromagnets 
most 


some 


the electrons within the stationary 

ee coils flow out through wires in great 

wa quantities to supply the country with 
power lines 


electrical energy to 


light homes and 
run machines. 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


1. When a magnet is moved in a coil of wire 
a. an electric current b. static electricity is 
is produced produced 


2. In order to generate electricity, work 


a. must be done 
3. A greater flow 


duced in all but one of 
these conditions. Gi 


tion. 


a coil of wire. 


USING WHAT 1. To make a small generator of electricity, you need a 
YOU KNOW magnet and a coil of wire. What else jg needed? 
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2. Below is a diagram of iron filings. © What is responsible 
for the pattern of the filings? How would you change the 


pattern? 


3, What is the difference between potential energy and 


kinetic energy? 


ON YOUR OWN Inthe Laboratory 


clips or nails. 
Now ma 


Get a bar magnet. Test its strength by using it to lift paper 


ke an electromagnet which is twice as strong as 


the bar magnet. How can you do it? How will you know the 


electroma 


3. Electric Bells 
and Electric Motors 


If you visit any factory, you will 
find some power-driven eevee 
Perhaps you will find some that pe 
pieces of ore along by means of a 
screw or winding inclined — 
Perhaps you will find a machine wit 
gears to separate fibers, as shown in 
the picture. A 

These machines may be simple or 
compound, but the force which makes 
them work is not supplied by mus” 
cles as it was years ago. Perhaps the 
earliest factory machines were oper- 
ated by muscle power. Men worked 
them, or else the force of animals 
walking on huge treadmills was used- 


gnet is twice as strong as the bar magnet? 


But muscle power was too limited; it 
took too long to get a job done. 

Still later, the force of wind or the 
force of moving water turned wheels 
that operated machinery. As man 
gained more knowledge, he found 
newer and better sources of energy. 
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He learned to use steam engines to 
turn long shafts, as described in Unit 
Five. Today, however, most of the 
energy used to run machines in a fac- 
tory is supplied in a different way. The 
energy is transferred from one place 
to another through wires. It is the 
energy of moving electrons, 


~ contact 
broken 
here 


contacts 
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By pushing a switch, man can un- 
leash this energy. When he pushes 
the switch he starts millions of tiny 
electrons moving through a circuit to 
do work for him. In our discussion of 
electric bells and motors, let us start 
with electrical switches. How do 
switches help man control the great 
energy of moving electrons? 


The Purpose of Switches 

The push button or switch on a 
lamp serves the same purpose as a 
knife switch. Look at the pictures of 
a doorbell button, m Compare them 
with the knife switch. Can you deter- 
mine how the doorbell button works? 


When the button is pushed, the cur- 
rent flows throu 


gh the circuit to ring 
the bell. When 


the button is released 
the circuit is broken, and the current 
stops. The electrons cease to move 
through the wires. 

The next pictures show how a lamp 
switch works. E There are many dif- 
ferent types of switches, but they all 


do the same thing. They make and 
break an electric circuit. 


The Moving electrons 
electricity ) 
operate the 


(current 
Tun motors. The motors 
machinery of the factory 
e and compound ma- 


do Moving electrons mo 
of an electric bell 
tor? How are e 
tric motors simi 
by doing the 

next three page 


ve the parts 


S. 


AN INVESTIGATION into the Similarity of Electric Bells 
and Electric Motors 


Needed: an electric bell; a small elec- 
tric motor 


Take the cover off the front of an elec- 
tric bell. gl Look inside an electric mo- 
tor.@ The pictures will give you an idea 
of how they are built. 

Look for something that is similar in 
both of them. Do you find an electro- 
magnet in each? Sometimes there are 
several. They may have different shapes, 
but they each have a metal core with 
wire wound around it. You may recog- 
nize that the metal core is iron and that 
the pieces of iron with wire wound 
around them are electromagnets. 

How are electromagnets used to ring 
a bell or to run an electric motor? 

If you do not know, why not make a 
bell of your own, as shown on the next 
two pages? You will find it interesting, 
and you can use it to test how well you 
can put ideas and tools together. 


ation: Is the motor in 
nt from an electric 
y both contain the 


Additional Investig 
the picture differe 


generator? Do the 
same basic arrangement of parts? 
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An Explanation of an Electric Bell 

With a source of electric 
we can move electrons, We ca 
the path of electrons to flow where 
we need electric energy to do work. 
Recall this basic concept: Work is 
done when an object is moved 
through a distance. Take a moment 
to think about this question: Is work 
done when an electric bell rings? 
What object is moved? 

In the bell, electric energy pro- 
duces a magnetic force in an electro- 
magnet that attracts the bel] clapper. 


252 


energy, 
n direct 


Current is moving 


in the coil.) The cl 


apper springs away 
from the gong. When the clapper 
springs away, the current goes on 


| 


again and the electromagnet attracts 
the clapper again. The clapper hits 
the gong again. This happens over 
and over. But why does the current 
keep turning on and oFF? 

Study the picture. Do you see how 
the electromagnet pulls the clapper 
away from the contact point and 
breaks the circuit? When the cir- 
cuit is broken, the electrons stop flow- 
ing. When the clapper touches the 
contact point again, it completes, or 
closes, the circuit. Once again elec- 
trons move through the circuit, and 
the electromagnet is on again. 

The knife switch opens and closes 
the circuit. It allows the current to 
pass through or cuts the current off 
when you want the bell to stop 


ringing. . 
Now go on to examine an electric 


motor. 


Electric Motors 

Electromagnets perform an impor- 
tant role in electric motors. You can 
discover a great deal about how an 
electric motor works by making your 
own model. Follow the directions on 


the next two pages. 


Motors—An Explanation 
Large electric motors work on the 


same principle as the model og 
shown on page 255 and also the mode 
electric bell. In each case, the energy 
of moving electrons produces a mag- 
netic force in an electromagnet. In the 
bell. the clapper moves because it is 
attracted to the electromagnet. In the 


electric motor, the armature spins 
around because it is attracted by the 
poles of electromagnets. 

In the model motor an electric cur- 
rent is sent through the electromag- 
nets, under the blades of the arma- 
ture. The stationary electromagnets 
attract the poles of the crosspieces 
on the armature only when the brush 
is touching the bottom of the arma- 
ture. (See page 255.) When the ar- 
mature contacts the brush, the circuit 
is complete, and current flows to the 
electromagnet. The electromagnet at- 
tracts the blades of the armature and 
the armature moves away from the 
brush, allowing the blades to coast 
until they are attracted to the elec- 
tromagnet on the other side. Soon the 
armature is whirling about. 

In larger, more powerful motors 
the armature may turn the blades of 
a fan or of other machines, such as 
washing machines, electric mixers, 
power saws, and factory tools. 

More complicated electric motors 
use electromagnets on the spinning 
armature, as shown on page 249. 
Most of them use a more complicated 
electric circuit and a different ar- 
rangement of parts for more efficient 
operation. 

Make a list of all the appliances 
that you can think of which use elec- 
tric motors. It will probably fill sev- 
eral pages. Each year more new ones 
are produced. The electric can opener, 
the electric blender, and the electric 
shoe buffer all do jobs that were once 
done by muscles alone, 
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MAKING A MODEL: An Electric Motor 


Needed: a piece of pegboard about 
4 x 6 inches; a thin sheet of iron or 
steel (about 4 x 4 inches), perhaps 
cut from a can; two bolts, which fit 
the holes in the pegboard, about 
lbinch long; four nuts and four 
washers to fit the bolts; a strip of 
clean metal about 3-inch wide and 
3 inches long; a spool of insulated 
bell wire; a piece of copper wire 
4 inches long, bare at the end; four 

short bolts to fit the pegboard; six 
nuts to fit these bolts; a 6inch 


metal strip; a Pointed tool; metal 
shears 


Study again the diagram of the bell on 
Page 251. Recall that the electromagnet 
attracts the Clapper, making it move. 
Now look at the diagram of a simple 
electric motor. m Electric motors are 
turned by electromagnets. You can 
make this simplified motor with the ma- 
terials listed above, 

Wind at least a hundred turns of 
the bell wire around each of the 
1/inch bolts, between two washers, as 
shown; the more windings the better, 
Use tape to keep the coils from unwind- 
ing. Leave about 6 inches of wire at 
each end for making connections. 

Use the four nuts to attach both elec- 
tromagnets to the strip of clean metal 
(cut 4 inches long) and to the pegboard, 
as shown. Attach the wires, as shown. 
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Use metal shears to cut the armature 
(ar’ma-choor) from the piece of 4 x 4 
thin steel. Watch out for sharp edges on 
the metal. Measure carefully so that it 
will clear the tops of the bolts. Bend one 
flap forward and the other backward, as 
shown. (It may be wise to get an adult 
to help you with this procedure.) 

Use a pointed tool to make a small 
dent or cup in the strip of metal. This 
Cup will serve as the upper pivot for the 
spinning piece of metal, called the ar- 
mature. Make a similar Pointed cup in 
the center of the bottom metal strip to 


Serve as the lower pivot point for the 
armature, 


it 
tri 


series, are Suitable for this purpose. 


ARMATURE 


100, or more, turns of 
insulated wire (on 
each electromagnet) 


pegboard 


Connect the electromagnets and 
wires to two dry cells and a knife switch, 
as shown above. 

Close the knife switch and give the 
armature a start in the direction of the 
points on the blades of the armature. 


support 
for brush 


You may have to adjust the position of 
contact between the brush and the ar- 
mature to get it to spin steadily. 

Go to the library and get information 
about other electric motors. Do all 
motors work on the same principle? 
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BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 


A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. Electric motors and electric bells would not be able to 
operate without 


a. switches b. electromagnets 


2. Different kinds of electric switches are used to complete 
an 


a. electric circuit b. electromagnet 


3. The part of an electric motor tha 
point on the electric bell is the 
a. brush 


t acts like the contact 


b. electromagnet 


B. Write a paragraph or two on this topic: How an Electric 
Motor Works. 


A. Below are diagrams of an electric bell and an electric 
motor. Note the numbers which lead to different parts of 
what each part does. m @ 


each. Name each part and write 
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B. Compare the electric motor ( i 

Page 249 - 
oil al 940). ) with the genera 
1. How are they similar? 


2. How are they different? 


4. Electric Signals 


At the top of this page are shown 
ways people have used to communi- 
cate with others some distance 
away. What are some other ways 
to communicate quickly at even 
greater distances, such as with other 
countries throughout the world? 

We can, of course, send letters by 
jet plane. A jet plane crosses the con- 
tinent in 4 hours, reaches France 
(from New York) in 7 hours, or ap- 
proaches Hawaii (from San Fran- 
cisco) in 8 hours; but there is a way 
to send a message much faster than 
this. In fact, you can send a message 
with the speed of light, about 186,000 
miles per second. 

In your school, how many different 
ways ‘are used to send messages? Are 
they conveyed by direct speech, by 
delivery of a hand-written note, by 
electric energy through a wire, OF 
by radio waves? 

Have you ever made 
ment on a loudspeaker or ca 
friend on the playground? 

Have you ever carried a 
message from your teacher t 
teacher in another classroom? 


an announce- 


lled a 


written 
o the 


Does your classroom have a tele- 
phone or an “intercom” system? 

Is there a radio or a television set 
in your school? These can carry voice 
messages over a long distance. The 
first electrical devices for carrying 


long-distance messages, however, 
could not transmit the human voice. 
They carried messages in code. 


Messages by Code 

A telegraph sends messages by a 
code. Are code messages used in your 
school? Here is a clue: What is the 
signal for dismissal? for a fire drill? 
It is probably a gong or a bell which 
conveys a message by a kind of code. 
A button is pressed in the office, and 
the gong rings. One ring may mean 
dismissal; two rings may mean a fire 
drill. Three rings may mean some- 
thing else—what do they mean in your 
school? 

Today a message can be sent by 
telegraph across the country faster 
than you can say “one.” In fact, a 
message sent at a speed of 186,000 
miles per second (the speed of light) 
could go around the earth in about 
one-seventh of a second. How does 
the telegraph work? 
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Study the telegraph shown. @ No- 
tice that there are really three sepa- 
rate parts: 

1. A telegraph key that opens and 
closes an electric circuit to control the 
electric current. 

2. A sounder bar that produces a 
clicking noise each time the circuit is 
closed by the key. The time lapse be- 
tween clicks establishes the code. 

3. A source of electricity (in this 
case, two dry cells) that provides an 
electric current. 

Does the key remind you of a switch 
(page 248)? Each time the key is 
pressed down, the electric current 
flows in a circuit. When the key is re- 
leased, the current stops flowing. 

Now look at the sounder. The 


metal bar moves up and down and 
makes a sound. 
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What makes the metal sounder 
move up and down? Notice the elec- 
tromagnets below the sounder bar. 
Each time the key is pressed down, 
electric current flows through the 
electromagnets, and they attract the 
iron crosspiece on the sounder bar. 
As the sounder moves up and down, 
it makes a clicking sound as it hits 
the screw above or the frame below. 
These clicks are the code for a mes- 
Sage, as you can find out if you make 
your own simple telegraph. 


A Model Telegraph 

Why not make your own model of 
a telegraph? You can use it to send 
messages to your friend across the 
yard or to your brother or sister up- 
stairs. Directions for making the tele- 
graph are on the opposite page. 


sounder 


MAKING A MODEL: A Telegraph 


3-inch bolt 
with 100 turns 
of bell wire 


sounder 


Needed: all the materials shown in the 
diagram of a hinge telegraph E 


Construct a telegraph sounder, using 
the simple materials shown in the dia- 
gram. By turning the nut at the top, you 
can adjust the height of the electromag- 
net so that the hinge is in range. 

If the hinge sticks to the 
the bolt when the current IS 
place a thin rubber band betwee 
hinge and the base, as shown. 


bottom of 
turned off, 
n the 


Make the key by using shears to cut a 
strip of metal from a tin can. You can 
protect yourself from the sharp edges 
on the metal strip by putting tape on 
the edges. 

If you make two telegraph sets, you 
will be able to communicate with a 
friend some distance away. The dia- 
gram shows how the two sets should be 
wired @ Remember, the key closes and 
opens the circuit. The person receiving 
the message always holds his key down. 
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SHORT EXPRESSIONS IN INTERNATIONAL MORSE CODE 


End of message, go 
ahead and answer 


Message received and 
understood 


From 


Using a Telegraph 

If there were two telegraph sets in 
Separate rooms, how would you send 
a message from one set to the other? 
You would need a code. Of course, 
you could make up your own, but 
why not use the International Morse 
Code, which most telegraphers use 
and which is shown on the top of this 
page. The letters are represented by 
various combinations of dots (+) and 
dashes ( — ). To send a “dot,” press 
the key and let go immediately, To 
send a “dash,” press the key and hold 
it for about the time it takes to say 
“dash.” You may think of a dot as a 
short interval between clicks and a 
dash as a longer interval between 
clicks (about three times longer), 
You read the code by listening to 
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Sign off — no acknowl- 
edgment necessary 


Negative — no 
Affirmative — yes 
Repeat 


short and long intervals between 
clicks. After some practice you should 
be able to recognize the different com- 
binations of dots and dashes easily. 


y elegraph. Per- 
haps you might send this one: 


ell done, well done.” 


Check with one of your classmates. 


he dots and dashes 
e. After you have 
ile you will be able 


Suppose you were to receive this 
message in code. Can you trans- 


late it? 


fomnfrovefoa/o] H-H- 
[urna [ane fore] [= [2-7 /-1-- 1 
fap /-Lfl 

[ovs[nenefore ane [-n-foner[orne] 


The telegraph was invented by 
Samuel F. B. Morse. Sending code 
messages over wires was a great im- 
provement in communications, but it 
is much better to hear the actual voice 
of a friend, Many scientists consid- 
ered the idea, but Alexander Graham 


Bell made it happen. 
jesja] Janell Al 
J-ph) 1-4-7-1 
J-e) pe-p-kh---1-t ==- 


Voices from Afar i 
Long-distance telephone calls can 


be made very rapidly on the special 
telephone shown in the peun 
This particular telephone is ne) ar 
to the one on the desk of the President 
ited States. 

i she a particular card into 
a slot, the President is able, in an in- 
stant, to talk to leaders in London, or 
Paris, or Rome, or Moscow. 

Many more of these modern tele- 
phones will be in use during the next 
few years. Some business organiza- 
tions are now using them as a rapid 


method of contacting branch offices 
around the world. Notice the slot for 
inserting prepared cards to get the 
numbers most often called, and the 
pushbuttons that have replaced the 
round dial. 

Think of the many ways in which 
the speed of communicating by tele- 
phone can help us. It can be used to 
report an accident, to call the doctor, 
to report a fire, to order groceries, to 
catch a criminal, or to save a life. 

How does the telephone system re- 
lay a message such a long distance in 
such a short time? 

First, let us look at a telephone; it 
has three important parts. 

1. A transmitter (trans-mit’ar) that 
picks up your voice and then trans- 
lates the sound into electric impulses 
(the message). 

2. A wire that carries the message. 

3. A receiver that receives the elec- 
tric impulses (message) and trans- 
lates them back into sound for some- 
one else’s ear. 
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What Happens to Your Voice. 
In order to produce the sound of 
speech, you must cause particles in 


the air to move in wave patterns called 
sound waves. @ 


These sound waves cause a small 
thin disk in the transmitter of the 
telephone to vibrate. The vibrations 
have the same pattern as the sound 
waves produced by your voice, and 
the “message” of your voice is trans- 
mitted along a wire but not as sound, 
Sound vibrations can travel along a 
solid wire for only a short distance, 
whereas an electric current can travel 
a very long distance through a wire. 
The object then is to change the 
sound waves into electric impulses, 
which then travel through the wire in 


the same pattern as that of the sounds 
produced by your voice. e 


¢ 
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electrical impulses 


a e 


When the electric impulses reach 
the receiver, a thin metal plate vi- 
brates to produce the same pattern of 
sound waves as the ones spoken. Your 
friend’s ear then receives the sound. 

To find out how a telephone trans- 


mitter works, make a simple one of 


your own. Perhaps the directions 
on th 


© Opposite page will suit you. If 
not, invent your Own ideas and tools. 


en you call a friend and say 
“hello” į 


MAKING A MODEL: A Simple Telephone 


Needed: 2-pound sugar box, and other 
materials shown in the diagram 


Cut two small pieces from the bottom of 
the aluminum-tfoil pie plate. Bend each 
piece near one end, and fasten it to the 
front surface of the box by inserting pa- 
per clips, as shown. Place the two or 
three pieces of pencil “lead” (really, 
graphite which is a form of carbon) 
across the tops of the aluminum strips, 
as shown. This completes the tele- 
phone transmitter. 


For a receiver, use a 
headphone or a discarded telephone re- 


i 1- cells con- 
ceiver. m Use four l volt dry a 
nected in series or one 6-volt cell in 


the circuit. 


n amateur’s radio 


pencil “leads” 


aluminum strips cut 
from pie plate 


sound. * 
waves 

into 
spout 


SUGAR BOX 
TELEPHONE 


After you have attached all of the 
wires and batteries as shown, test your 
“telephone.” Ask a friend to take the re- 
ceiver some distance away and to listen 
while you talk into the open pouring 
spout. Try changing the number of pen- 
cil carbons, and the distance between 
your mouth and the spout, until you get 
good results. Does the telephone trans- 
mit your voice? What happens to the 
pencil carbons when you talk into the 
spout? What happens to the electric 
current in the circuit? 

Unscrew the plastic cover of your 
headphone and examine the inside 
carefully. Œ Do you find an electromag- 
net? What do you think is the purpose 
of the electromagnet? 


electromagnets metal plate 


earphone 


263 


Vibrations set up by your vocal 
cords caused the sugar box, aluminum 
strips, and pencil carbons to vibrate. 
As the pieces of carbon vibrated, they 
“danced” up and down on top of the 
aluminum strips “in time” to the pat- 
tern of vibrations produced by the 
sound of your voice. As the carbons 
moved, they changed the steady flow 
of electrons through the circuit into 
strong and weak spurts of electricity, 
or electric impulses, m These electric 
impulses move along the wire to the 
receiver where they cause the elec- 
tromagnet to become stronger or 
weaker, in patterns which match p 
fectly the sound waves produced 
your voice. As the strength of the elec- 
tric impulse varies, the strength of the 
electromagnet varies. The pull of the 


electromagnet on the thin metal disks 
varies as well, 


er- 
by 


carbon 
Particles 


TRANSMITTER UNIT 
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sound waves 
cause penci 
carbons to 


In this way, the disk in the receiver 
vibrates back and forth “in time” (in 
the same pattern) with the sound 
waves which began in your voice box. 
Your friend hears your “hello.” 

What happens when you say 
“hello” to your friend over a modern 
telephone, like the one at home or in 
the school office? Is it the same as the 


sugar-box telephone? 
Look at the d 
telephone shown 


RECEIVER UNIT 


AN INVESTIGATION into a Modern Telephone 


Needed: a modern telephone. DO NOT 
TAKE APART A TELEPHONE THAT 
IS IN SERVICE. Your teacher may 
be able to borrow one for this pur- 
pose by calling the local telephone 
business office 


First, lift the receiver of the telephone 
from the cradle, and unscrew the cover 
from the mouthpiece. Take out the 
small unit just inside, as shown. mi If the 
unit is stuck inside the mouthpiece cap, 
ease it out gently with a small screw- 
driver. This piece, about the size of a 
cookie, is the transmitter; and, of 
course, it works more efficiently than 
the sugar box, aluminum strips, and car- 
bons that you used in making a model 
telephone. Examine the holes on top. 
Do you see anything inside that might 
vibrate? Look at the bottom of the tiny 
transmitter, and notice the small piece 
that is sticking out. 


Now, in the same way, 
ceiver.@ Tilt the receiver down so that 
the small unit falls into your hand. On 
some models, the unit is attached to a 
wire and cannot be taken out very far. 
Again, look into the holes. Do you finda 
plate that could be made to vibrate? 
Touch a steel paper clip to the side of 
the receiver. a What happens? 

The receiver is very much like the 
headphone that you used with the 
simple telephone model. 


open the re- 


path 
of 
Current 


carbon particles 
loosely packed 


The Modern Telephone 
The transmitter and receiver of a 
modern telephone are seal 


and they cannot be tak 
easily. Use 


ed units, 


two pencil carbons on the 
aluminum. As the disk vi 
carbon particles move cl 
and then farther apart. 
In the diagram on the left, for ex- 
ample, a fairly weak sound 
hitting the thin disk, and because of 
its small force, is not Causing the disk 
to move very much, Œ Therefore, very 
little pressure is being applied to the 
carbon particles; they remain loosely 
packed. It is not possible for a very 
large electric current to pass through 
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Wave is 


thin disk 


greater pressure 


“carbon particles 
Pushed tightly 
together 


them. On the other hand, in the di- 
agram on the right, a stronger sound 
wave is hitting the disk, pushing it in- 
ward with greater force. m Since they 
are under much greater pressure, the 
carbon particles are pushed closer to- 
gether. When they become more 
tightly packed, they become a better 
conductor of electric current, as 
shown, A stronger electric impulse is 


therefore allowed to pass through the 
wire. 


When the 
gether, they a 
When they a 
ume of carbo 
compression 

on particles 
to electric į 
the wire, 


particles are closer to- 
re said to be compressed. 
re farther apart, the vol- 
n particles expands. This 
and release of the car- 
changes a steady current 
mpulses that travel along 
The telephone receiver 


Almost m an instant the connection 
Is made, 


: and your voice is transmitted 
with the 


current 


BEFORE A. Below are diagrams of a telegraph set, and a telephone 
YOU GO ON transmitter and receiver. © A 
1. Note the numbers which lead to different parts of the 
telegraph set. In your notebook name each part and write 
what each part does. 


2, Name each numbered part of the telephone transmitter 
and receiver and write what it does, in your notebook. 


B. Write a paragraph or two on this topic: How a Telephone 
Works. 


USING WHAT Look again at the diagrams of a telephone transmitter and 


YOU KNOW receiver. © A 
1. How are the transmitter and receiver similar? 


2, How are they different? 
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5. Relays Without Wires 


High in a space capsule, an astro- 
naut talks to his ground crew. 5 
Aboard a destroyer, the captain re- 
ports to his admiral on th 
many miles away.® He ty 
speaks into a kind of trans 
the admiral hears the cap 
At home you turn a knob and listen 
to the news the same way, 

The development of the radio was 
one of the greatest advances in tech- 
nology. The first long-distance radio 
transmitter was built by Guglielmo 
Marconi. In 1901 Marconi constructed 
a sending station at Cornwall, En- 
gland. He then sailed to Newfound- 
land and set up a receiving station 
where he received the first trans- 
atlantic signal, the letter “S” in Morse 
code. From that time on radio has 
steadily improved. 

How does a radio work? How can 
the pattern of a human voice be car- 
ried without wires for long distances? 

Marconi and other engineers might 
never have invented radio communi- 
cation had it not been for the dis- 


covery by another great scientist of 
the force around a wire. 


self what this force can 
the investigation on the o 
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e flagship, 
rns a knob, 
mitter, and 
tain’s voice, 


See for your- 
do by doing 
Pposite page, 


YMA oe 
MERLE Ht CAC 
(( 


A New Kind of Wave 
A compass needle js really a tiny 


magnet. The needle moves when an 
electric current flows through a near- 
by wire, 

Iron filings are attr 
netic lines of force, but they can also 

e lined up by electric current flow- 
ing through a nearby wire, When the 
electric current flows through the 


wire, what is Produced around the 
wire? 


The Dan 
(ùr sted) 


acted by mag- 


henever 


AN INVESTIGATION into a Force from a Wire 


Needed: insulated bell wire; a dry cell; 
a plastic lid; iron filings; a small 
compass 


Attach one end of a 2-foot piece of in- 
sulated bell wire to one of the poles of 
a dry cell. Place the plastic lid over part 
of the wire, so that an air space is left 
between the wire and most of the 
surface of the lid. Sprinkle some iron 


filings onto the lid near the wire, and 


tap the lid several times. Notice what 


happens to the iron filings. 
Now attach the other end of the wire 


to the other pole of the dry cell (as 
shown), making a complete circuit, so 
that an electric current travels through 
the wire. Again tap the lid several 
times. m What happens to the iron fil- 
ings? What force is present in the air 
space between the wire and the filings? 
Disconnect the wire to save your dry cell 
and remove the lid and filings. 

Make a single coil with the same wire, 
and hold a small compass in the middle 
of the coil, as shown.@ Again connect 
the wire. a What happens to the com- 
pass needle? Try this several times, 
placing the coil so that it forms different 
angles with the needle. What happens? 


Does it happen all the time? 
What kind of force makes the needle 


move? 
Does the force extend through the 


air? How do you know? 
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Electric current moving along 
a wire in one direction sets up 
a magnetic field around the wire 


Electric current moving quickly 


back and forth along a wire sends 
out electromagnetic waves 
in all directions 


magnetic force can extend through air 
or through a vacuum. The diagram 
at the top shows part of the magnetic 
force field that occurs when an elec- 
tric current moves through the wire in 
one direction, as in the investigation 
on page 269. m 

You may think of radio waves as 
waves through a magnetic force field. 
Radio waves are electromagnetic 
waves produced when an electric cur- 
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rent moves back and forth in a wire, 
as in the bottom diagram.® The cur- 
rent must move back and forth (must 
change direction) in the wire very 
fast, as often as one-half to one million 
times a second. 

Once the concept of how radio 
waves are produced was understood, 
it was possible to learn how to relay 
a “voice pattern” with radio waves. 


Patterns of Sound 


The sound of your voice does not 
go through the wires of a telephone; 
the vibrations of your voice are 
changed into electric impulses and 
are transmitted in patterns of strong 
and weak impulses that match the 
patterns of vibration of your vocal 
cords. In transmitting by radio, the 


s is carried by 

es. The pattern is 

ectromagnetic 

10 waves ) by the action of 
microphone. 

am of the electro- 


: hich do not carry 
a voice pattern. A 


How are radio waves transmitted 
and received? What must be done to 
make the waves strong enough to 
travel a long distance? 

In transmitting by radio, you talk 
into a microphone. The vibrations of 
your vocal cords set up vibrations, in 
the microphone, which produce elec- 
tric impulses. There is little difference 
between the microphone and the tele- 
phone transmitter. The diagram on 
the right shows one kind of micro- 
phone which you can compare with 
the telephone transmitter.* (See page 
264.) In the telephone, electric im- 
pulses move through wires. In radio 
transmission, the pattern is trans- 


ferred to the electromagnetic waves. 


How are radio waves transmitted 
and received over long distances? 

The electromagnetic waves are sent 
out by the radio transmitter which 
can produce waves powerful enough 
to travel many miles. These waves 


r 

\ \\ 
sound \\\\\ 
waves | |] | 


ar. = 
electrical 
impulses 


thin disk 


carbon 
particles 


electrical 
> ~ impulses 
NW 


* 


spread out in all directions from a 
wire called the antenna, which is situ- 
ated high on a tower. In the illustra- 
tion at the bottom of the page, you 
can see the important steps in send- 
ing strong radio (electromagnetic) 
waves. ® 

Where do these strong electromag- 
netic waves go? 


Radio Reception 
Perhaps your parents have de- 
scribed an old-style radio to you. If 


broadcasting y powerful _ 
antenna By J electromagnetic 
s J 
t P J waves 
" J 
s receiving 
antenna 
" sound 
radio 


TELEVISION 
TRANSMISSION 


Light waves picked up 
y the camera 
Cause electrical 


impulses which change the patte 
electromagnetic waves produced 


the transmitter 


rn of 
by 


they have, you may have heard about 


the wires which acted as 


in your radio, 
A television set als 
ceiver built into it which 


o has a radio re- 


Produces the 


sound to go with the picture, 


Saving Life by Wireless 


Unless you have a special kind of 


radio, you do not 
signals. Many police 
“radio telephones” that 
to receive messages fro 
station or from other pol 
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usually hear police 
cars now have 


enable them 
m the police 
ice cars, 


Most homes do not yet have radio 
telephones, but 


when they will 5 
homes, and in mo 
already say 


here are other w 


the time May come 
€ very common—in 
st cars. Their use has 
ed Many lives. 


ays in which ra- 


ace—the temperature, the 
amount of light, and € amount of 
radiation, Why i i 


in which we 


a iSi > astronauts are already 
801ng into outer Space, and they need 


ar 
| p by) ur 
| TVantenna 


sible about 


to know as much as pos 
they will 


the different environments 


encounter. 


Transmitting Pictures 
How did the pictures of the latest 


American space flight reach you? 
How will pictures of the first ama 
can to land on the moon reach you! 
How do pictures of a baseball game 
and the words of the announcer zench 
your television set from the ball park? 
One good way to start to answer ques- 
tions is to use what you know. 

You have learned something of the 
way the spoken word is transmitted 
by radio waves. What then can be 
used to send pictures through space! 
You will be correct if you say that 
electromagnetic waves can transmit 
pictures (patterns of light), as well 
as words (patterns of sound ). 


RECEIVING 


and then 
into 
light 
waves 
by the 
picture 
tube 


Comparing Radio with Television 

In radio transmission, sound vibra- 
tions go first into the microphone 
where they are changed into electric 
impulses. The resulting radio (elec- 
tromagnetic) waves travel from the 
antenna outward in all directions. 
They are received by the antenna of 
a radio where they are changed back 
to electric impulses. The speaker 
changes these impulses into vibra- 
tions which cause sound. 

Study the diagram (page 271) 
which shows the way a radio works. 
Compare this diagram with the one 
showing how a television picture is 
transmitted. m How do radio and tele- 
vision compare with each other? 

In sending a television picture, 
light must be used. After all, an ob- 
ject is seen only when light waves are 
reflected from it. 
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Let us think of the way a picture, 
of a horse perhaps, is taken by a cam- 
era. E The light is reflected from the 
horse and is focused on the film by 
the lens of the camera. Since light 
affects certain sensitive substances on 
the film, the film is changed chem- 
ically by light, 

The television camera is also sensi- 
tive to light. Study the illustration of a 
television camera, and, as you do, 
think of the film in your camera. E No- 
tice that the television camera has a 
screen which is coated with a ma- 
terial that is sensitive to light. When 
light waves reflected from the horse 
strike this coating, the pattern of the 

picture is transferred, by means of a 
very complicated process, into a pat- 
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tern of electric impulses, In the tele- 
vision station, the pattern of these im- 
pulses is transferred to the electro- 
magnetic waves and is broadcast in all 
directions from the television station’s 


in length. 


At home, you “tune in” a “channel.” 
Your television set 


The Story Is Not So Simple 

The story of television is not so 
simple as that given here, however. 
For instance, the way a picture tube 
reproduces the picture is quite com- 
plicated. Of course, the transmission 
of color television is even more com- 
plicated than the transmission of a 
black-and-white picture. You will 
learn more about this amazing story 
in future science classes. 

For a clue now, however, adjust 
vour television picture to get it slightly 
out of focus. Is it really one solid pic- 
ture, or is it made up of many small 
lines, as shown? A 

The picture is 
fine lines before. it is 
is then reproduced asac 
ture on your screen. 


divided into these 
transmitted and 
omplete pic- 


Messages from Space 

Have you seen movies of the pony 
: ly days of the West? 
Then you know that the riders had 
stations where they could get fresh 
horses, At some of the stations, called 
relay stations, neW riders would take 


express in the ear 


ocal 
suburban 


over the job of delivering the mail. 
Today we use relay stations in space 
to expand the efficiency of our com- 
munications. The relay stations make 
it possible to transmit certain types of 
electromagnetic waves over a much 
greater distance. Someday, many of 
these relay stations will be perma- 
nently placed in space. 

Echo I was the first of the commu- 
nications satellites to be sent out into 
space. Then came Telstar, which 
could relay live television broadcasts 
across the Atlantic. These have been 
followed by several others. Echo and 
Telstar are really relay stations; they 
were the first to be used to bounce 


long 
distance 
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relay satellite 


X 
antenna O 


a, 


messages back to earth. Since televi- 
sion waves travel only in straight lines, 


they cannot go around 
the earth. The relay sat 
messages from one poini 
and reflect the message 
earth a long distance 
original point of trans 
lay satellite in space 
ble, then, to send tel 
much farther, 

In addition to sendin 
netic waves farther on 
self, scientists are tryin 
whether the electroma 
that reach us from other stars and 
planets throughout space can indicate 
whether there is some kind of life else- 
where in the universe 

Scientists know th 
kinds of electromagnetic waves trav- 
eling through space. The problem has 
been to collect these and to analyze 
them to see what conditions caused 
them to be produced. 
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the curve of 
ellites receive 
t on the earth, 
s to a point on 
away from the 
mission. A re- 
makes it possi- 
evision Pictures 


g electromag- 
the earth it- 
& to discover 
Snetic waves 


at there are many 


Atlantic 


Of course, these waves can come 
from stars, meteors, comets, or plan- 
ets, which are always giving off 
some kind of waves, 

Electromagnetic waves of some 
type are usually produced whenever 
energy is released. This can be heat 
energy, nuclear energy, or light en- 
ergy. For example, scientists have 
been able to determine the tempera- 


ture of Mars by analyzing light waves 
from that planet. 


To find out what k 
in space give off all 


e carrying messages, 
Is it Possible tı 
netic waves co 
space? Yes, 
How are elec 
from outer sp 


o collect electromag- 
ming to us from outer 


Ariel IL, The satellite collects all kinds 
of electromagnetic waves which reach 
us from outer space and relays them 
to huge antennas on the ground, as 
shown in the picture. © 

It would be exciting to find that 


e out in space there are 
igent life 


somewher 
other planets on which intell 
exists, and that individuals on one of 
those planets are try 
sages to us here on ea 
ing it would be to try 


ing to send mes- 
rth. How excit- 
to find out. 


Do you think that life on other 
planets is possible? Is there any avail- 
able evidence that life exists on other 
planets? What hypotheses have been 
developed? 

Why not consider this problem for 
a while? Perhaps you would like to 
do some research in the library to find 
what information is available about 
the possibility of life on other planets. 
Then perhaps you can do some specu- 
lating on your own. 


BEFORE A. Study the statements below and choose the correct re- 


YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


1. Radio waves are 


a. electromagnetic waves b. sound waves 


2. Vibrations of the vocal cords set up 


a. sound waves b. electromagnetic waves 


3. In the radio receiver, 


electromagnetic waves are first 
changed into 


a. electric impulses b. sound waves 


4. In the television receiy 
first changed into 


a. light waves 


er, the electromagnetic waves are 


b. 


electric impulses 
B. Write two or more 


Paragraphs on either of these two 
topics: How a Radio Works; How Television Works. 


USING WHAT 
YOU KNOW as well as by means of the telephone, 
a. How is a radio 


Similar to a telephone? 
b. How is it different? 


telephone 
receiver 


antenna 
radio 


receiver 


radio 
transmitter 


telephone 
transmitter 
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6. The Main Concept: 
Changing and Transferring 


Energy 


From 93,000,000 miles away, en- 
ergy from the sun runs your television 
set. Do you think that this is a ridicu- 
lous statement? That there is no evi- 
dence for such a statement? If so, 
follow this energy chain.® 


The sun's energy heats water, 
which evaporates to form water va- 
o the 


por. The water vapor rises int 
atmosphere; and, sooner or later, it 
cools. As the water vapor cools, it con- 
denses to form clouds from which fall 


rain, snow, and sleet. 
ivers or lakes 


The rain flows into 1 
and may be stored 


the bottom of a d 
y can turn a 


behind dams. At 
am, the force of 


falling wate turbine and 


ger 
4.4 $ 
\ generator 


run a generator. The generator pro- 
duces an electric current, which 
travels along wires to your house. 
There it runs the television set and 
many other appliances. 

Even when the turbines are turned 
by steam, the energy may have come 
from the sun. Steam comes from boil- 
ing water. What supplies the heat to 
boil the water? It may still be the sun. 

Heat must be used to change the 
water into steam, and the heat re- 
quired may be supplied by burning 
coal. Where did the coal come from? 
It came from ancient plant life, from 
huge forests buried deep in the earth 
where pressure and heat turned the 
plants and trees into coal. The plants 
used the energy of the sun to make 
food. The food was then converted 
into the plant body for growth. 

While they were growing, the 
plants stored up some of the sun’s en- 
ergy. Later, when they became coal 
deposits, the suns energy was still 
stored in them. Today, the coal is used 
in many power stations for gener- 
ating electricity. We use electric en- 
ergy, the flow of electrons, to speed 
communications. 


transformer 
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As long as men could only commu- 
nicate face to face, their world was 
very small. When scientists learned 
how to control electricity, communi- 
cation became faster. Wherever wires 
could go, man could communicate 
with words or codes. 

Then came the discovery of elec- 
tromagnetic waves. Man was no long- 
er limited to the use of wires. Elec- 
tromagnetic waves travel in all di- 
rections at the speed of light. 

We can hear a voice from Rome, or 
Paris, or London, by radio the mo- 
ment the first word is spoken. More- 
over, electromagnetic waves can also 
be used to send pictures. Not only do 
we hear the sound of voices or music 
by radio, but we can also see announc- 
ers, Or musicians, or actors, on tele- 
vision screens. 

These are some of the uses of moy- 
ing electrons. The world has been 
made smaller by the use of electro- 


magnetic waves, and this is another 
example of how science and technol- 
ogy, working together, change the 
world. (See Unit Two.) 

Scientists study the phenomena of 
the world—for instance, the phenom- 
enon of moving electrons. On the 
basis of their study of phenomena, 
scientists develop concepts. Engineers 
use the concepts to invent tools and 
machines to improve man’s environ- 
ment. As a result, we have light bulbs, 
electric engines, radio, television, tele- 
phones, and many other products that 
would not exist without the combined 
efforts of science and technology. 

This is not the end of the p 
ship of science and te 
ideas and tools, howeve 
ginning to use no 


artner- 
chnology, of 
r. We are be- 

t only the outer parts 
of the atom, its electrons, but also its 
nucleus. The uses of 
cleus are dise 
of the e 


the atomic nu- 
ussed next in your study 
nvironment in which you live. 


Fixing the Main Concepts 


TESTING 
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YOURSELF 


1. Have you ever observed a 
Car pass a tollb ridge 
or a highway? Next time you are nea re ap 
wire that sticks up from the road n 
enough to touch the botto 


Why is the wire there? 


Ta tollbooth, notice the 


ear the booth. It is long 
m of a car or a truck, 


QUICK TEST 


2. What you see in the figure was removed from an electri 
tri 
bell.= Will the bell still work? If not, why not? chen 


3. What you see in the figure was removed from the trans- 
mitter of a telephone.® Will the transmitter still work? If not. 


why not? 


4. What you see in the figure was removed from the re- 


ceiver of a telephone. A Will the receiver still work? If not, 


why not? 
5, Should the motor shown in the illustration work? ® If 


your answer is yes, why? If your answer is “no,” why not? 


Study the statements below and choose the correct re- 
sponses. They will help you fix in mind the concepts of this 


unit. 
1. Your table lamp has a wire ending in a plug. When 


you put this plug into the wall socket, you connect the lamp 


to a source of 


a. current electricity b. static electricity 


2. Current electricity moves in a 
a. nucleus b. circuit 
and static electricity consist of 


3. Both current electricity 
b. electrons 


a. neutrons 
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FOR YOUR 
READING 


4. The two metal leaves in the jar (called an electroscope) 
have moved apart, as shown.& They are charged with 
a. like charges b. unlike charges 


5. A coil of wire is connected to the meter.© To make 
the needle of the meter move, we should move, back and forth 
in the coil, a 


a. plastic rod b. magnet 


6. When a current passes throu 


gha wire, it produces 
a. static electricity 


b. magnetic force 
7. In radio transmission the patte 
carried by 
a. electromagnetic 
waves 


™ of a sound wave is 
b. sound Waves 
8. Ona television scree 


a. electromagnetic 
waves 


n, the picture is reproduced from 
b. sound waves 


a. created 


rther study of electricity. 
however wh t z 
5 x > A y not exam 
ine the section ON YOUR 1 which follows this one. 
Experiments w 


Franklyn M, B i. rir. by Nelson F. Beeler and 
ranklyn M. Bran ey, published p th , awell 
Co., New York, 1949. y the Thomas Y, Crowe 


ON YOUR OWN 1. An electric circuit is illustrated below. The electricity 
flows in something like a circle from the dry cells to the 
lamp. A As long as it does, the bulb lights, In the figure on 
the right, why is the bulb not lit? j 


2. Now an open switch is placed in the circuit. ¢ How 
would you get the bulb to light? 


3. Switches may be made of different kinds of metals. One 
kind is the mercury switch. Since mercury is a liquid metal 
it is a good conductor of electricity. i 

Is the current on when the mercury switch is in position 


“a” or when it is in position “b”? * ẹ 


switch 
handle 


drop of mercury 
in sealed glass 


capsule 


IN THE The following American scientists did work in the field of 
LIBRARY electricity. What discoveries did they make? 
1. Benjamin Franklin 
Josiah Willard Gibbs 
. Thomas Edison 
. Alexander Graham Bell 
. Lee De Forest 
. Allen B. Du Mont 
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(Text pages 286-94) 


SUBCONCEPT 

Each different atom consists of par- 
ticles arranged in its own charac- 
teristic structure. 


Processes emphasized 
Development of models 
Analysis of data 
Hypothesizing 
Theorizing 

Prediction 

Library research 


The basic atomic particles are pro- 
tons with a positive charge, elec- 
frons with a negative charge, and 
neutrons with no charge. 


Equipment and Materials 


... powdered sulfur 
... piece of sulfur 


Section 1: INSIDE AN ATOM 


The pupils study the arrangement of electrons in levels around a nu- 


cleus consisting of neutrons and protons. Modeling of a few atoms helps 
develop the hidden likenesses and differences inside all ato 


ms. 
Introducing the Concept 

In Unit Six, the pu 
ergy of electrons; the 
ing the behavior of 


has the properties of a sub- 


stance? (A molecule.) Is a molecule the smallest particle of matter? (No- 


Molecules are built of atoms.) What are atoms built of? Let pupils re- 
cord their hypotheses without comment at this time. 
Have we used any part of the atom in our study so far to get energy? 


(Yes. We have “rubbed off” electrons and gotten electrical energy.) DO 
you think we can use any other p 


part? (Some pupils ma: 


ty in answering “atomic energy.” Ti 
e source of energy is t a 
shift the thinking of you 
-) Befo ading of the text 

suggest these guide questions: te reading 
What are the mai 


g n particles of an 
m an atom? How a 


r 
atom? How are they held togethe 
re the particles a 


rranged in an atom? 
Developing the Concept 

The atom and its particles, Aft i Ja 
Newer Model of the Atom,” it ee eee a 


may b i raphs 
to reduce misconceptions and xe y be well to discuss the parag i 


jece 
> you isplay a piece 

n some pulverized sulfur yaa may first display 
sulfur we can have? ( 


of millions of atoms 
than one-half inch.) 
How do we know that the 


re i i p (Text 
pages 286-87 and later work. ) What aing ele tan ag abort Í 
new source of ener 


RGY 
UNIT SEVEN / MATTER INTO ENER 


waves), a form of energy released by the radioactivity, or decay, of the 
radium, Matter had changed from one form to another—from radium to 
radon—and given off energy. This information need not be contributed un- 
less pupils raise the question. An investigation into models of several atoms 
of relatively simple structure (text page 289) is useful before further 
reading and discussion. 

Atomic structure. Pupils should have little difficulty in inferring that 
the models are alike in the balance of charges (same number of protons 
as electrons; that they all have neutrons and protons in the nucleus, and 
that they are different in the number of particles). Incidentally, more 
recent models of atoms show the electron as a kind of cloud, rather than 
a particle, moving about the nucleus; but for the purpose of developing 
the concept of atomic structure, the Bohr diagrams of atoms are more 
convenient and more comprehensible until pupils have reached greater 
maturity. Pupils may also note that the models show electrons arranged 
in levels around the nucleus. The inner level has only two electrons; the 
outer level may have from one to eight electrons, but never more than 
eight, More complex atoms than those shown may have up to 32 electrons 
in levels between the inner and outer levels. Complex forces keep the 
number of electrons constant in these levels and also keep them from 


falling into the nucleus. 


The correct filling in of the table (page 290) follows for reference: 


Pro- Elec- Neu- 


- Neu- 
a oc trons tons trons trons 

hydrogen 1 1 0 silver 47 47 61 
helium 2 2 2 gold 79 79 118 
lithium 3 3 4 calcium 20 20 20 
carbon 6 6 6 iron 26 26 30 
oxygen 8 8 8 phosphorus 15 15 16 
nitrogen 7 7 7 uranium 92 92 146 
sodium 11 11 12 chlorine x x 1 
potassium 19 19 20 sulfur 


By following the procedure oe ee in he ‘a pupils should be 
able to understand the concept of atomic W's’ ™ 

aa acto To introduce model making (text pae n with 3 
class that is slow to comprehend a concept, you may a e to have go 
groups—two to four pupils—first model hydrogen and a hell daar : ye 
drogen does not have a neutron (atomic weight, 1), on helium has two 
neutrons and two protons (atomic weight, 4). Follow ee. in 
the investigation. Stimulate thinking by comparisons such as: Aer 
cleus were the size of a tennis ball, the nearest electron would be a 
mile away. If the atom were a mile across, the nucleus would be the 
Size of a pea. Make note of the more accurate models and draw attention 
to them. As the pupils consider the difficulty of representing sizes and 
distances in a model, they will begin to say: Our models are too small 
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TEACHING SUGGESTIONS 


The number of particles in an atom 
determines ifs structure and its 
atomic weight. 


Pupils reinforce their concept of 
atomic structure by modeling sev- 
eral atoms. 


Equipment and Materials 
See text page 293; also the 
Teachers Manual for Classroom 
Laboratory 6. 


(Text pages 292 and 294) 


(Text pages 294-302) 
SUBCONCEPT 


When the nucleus of the atom 
changes, energy is released, 


Processes emphasized 
Development of models 
Analysis of models 
Hypothesizing 
Theorizing 

Prediction 

Library research 
Observation 


The parts of the atom are tightly 
bound together; certain parts are 
electrically charged. 


or “The electrons are too close to the nucleus” or “Our electrons are £00 
big compared with the nucleus.” Models are a help in mdestandii 
likenesses and differences and in making comparisons. While never go 
than approximations, accuracy in representation should be encouraged. 


Extending the Concept 


Reports. The average reader will find The Story of Atomic Energy, if 
you have it on your science reading table or in the school library, 2 
source of information about the leaders in the deve 
energy. Suggest selectin 
What problems did he 
reader will find The P 


lopment of nielee 
8 one scientist and preparing a report of his work. 
meet? How did he solve them? A more advance 
eaceful Atom especially useful, 


Reviewing the Concept 


Before You Go On. 1.b 2a 3. The top drawing should show 6 protons 
in the nucleus; the second drawing should be completed by showing 
electrons outside the nucleus. 4b 5b 

Using What You Know. 
trons; chlorine: 17 prot 
have 10 electrons; it wi 


j 
1. Oxygen: 8 Protons; nitrogen: 7 neutrons, 7 ele 


i ld 
ons; sodium: 12 neutrons, 11 protons. 2. It wou 
ould be neon, 


Section 2: SPLITTING THE NUCLEUS 

Pupils gain understan 
together and appreciati 
nologists in releasing th 


s 
ding of the tremendous force that holds a 
On of the problems of both scientists and tee 
e energy in the nucleus, 


(Change the atomic weight, ) How ight? 
R * could ou ic welig 
(Get rid of some neutrons and protons. ) i cena 


What is radioactivity? How ca a 
? n the nang? 
What would you have to do? are ean be 


are bound together. Let pupils attempt to pull apart two strong Alnico 
magnets as a model of the binding force. If tenpins are available from a 
toy set, let several volunteers demonstrate the difficulty of scoring a “di- 
rect hit” with the ball so that all ten of the pins go over. Increase the 
distance, How does the difficulty increase? Let us now assume that a 
marble is a neutron and one of the Alnico magnets is the nucleus. Can 
you bring the marble to either end of the magnet? Now assume that the 


positive end of one magnet is a proton and the positive end of the other 


magnet is a nucleus. What -is the charge on the nucleus? What is the 


charge on the proton? (Both positive.) Let volunteers try to bring the 
positive ends of the magnets together. What happens? Naturally, they 


repel each other. 


If our stack of marbles (nucleus) had a positive charge, what would 


a positively charged marble shot at it do? Volunteers may try moving 
the poles of the magnets toward each other at varying speeds. Are the 
chances better of making the poles touch if the “proton” magnet is moved 
toward the “nucleus” magnet faster or more slowly? If an electron were 
used to try to hit the nucleus, what would happen? Pupils have grasped 
the concept if they respond that the outside electrons an atom = 
a negative charge which would repel an electron long e i it se 
the nucleus, or that the electron might merely add itself to the outer elec- 
tron level. These models demonstrate some of the questions heir 
and technologists had to learn to ask, and then to solve, in — 3 n 
the nucleus and release its energy- They had to find a particte that cou 
be used to hit the nucleus; they had to be able to a it ep a a 
distance (it would be like hitting a BB shot on the : ie Ei : hs 
football field by shooting at it from under the = EP a saith ser 
give the particle the right speed; they had to find atoms 
that broke up more easily than others. _ , ; 

Particles or bullets. In 1896 a French ea ET ee “a 
ticed that uranium gave off energy as radiations. In ge icone 
lated radium, Ask why tht Se T ee ene <n ) What 
on the track of a particle tat ee rT ve? (Alpha particle; 
kind of particle is this and what charge pone ia "on ate Soon 
Positive charge.) How many marbles can Ya h df ] of marbles so 
try to hold another marble, what happens? =. soi on Pupils should 
like an unstable atom, and one OF more marbles squl ety ceo 
not infer that radioactivity een yp wn — iioa abit 
Radioactivity is a slow change of an atom o i e we ato a pa 
of another, with the emission of a helium nucleus (alpha par = be 
radiations. Fission is the splitting of one atom into atoms 0 i 

Il be seen in Section 3. 


di ith release of energy, as wi 
pee ane f common elements in the table on page 291 


Atomic number. The re full periodic table or chart. All of the ele- 


ma 5 d by a AEn ; 
e e appen PND 2) are more or less radioactive. Pupils may en- 
V a . 


joy practicing these questions with one another: What happens when 
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TEACHING SUGGESTIONS 


Equipment and Materials 
. .. marbles 

...2 Alnico magnets 
...tenpins from a toy set 


Radioactive (unstable) atoms emit 
particles from their nuclei; these 
particles have energy. 


A change in the number of protons 
in an atom changes the atom into 
that of another element. 


Equipment and Materials 


...periodic table or chart of 
the elements 


Energy input is needed to raise the 
atomic number, 


Energy must be put in to increase 
speed of nuclear particles, 


a proton is added to X element? When it is taken away? What nan 
pens if an electron is added? An electron taken away? What happe ; 
if a neutron is added? These five questions help them see that a oe 
in the atomic number means addition or subtraction of a proton i 
therefore, a change in the element. An addition of an electron merely 
gives the atom a negative charge (electrical potential), Addition of i 
neutron changes neither the element nor the charge. A perceptive pupi 


may infer that addition of a neutron changes the atomic weight. (The re- 
sulting atom is an isotope of the origin 


ists who have succeeded in adding 

adioactive; they all rapidly change 

er atomic number. 

à natural source of nuclear particles? 

m. What does radium give off? (Al 

r rays.) What is an alpha particle? (A hip- 
rge be and why? (Positive; nuclei are 


Pupils recall radioactivity of radiu 


y placing a sm 
lead block with just one tiny hole. The. 


Placed around the stream of particles from the hole attracted the neg- 
tive Particles (beta Tays) toward the positive pole and the positive alphe 
Particles toward the negative pole, but that the electromagnetic wave* 
(gamma Tays) were undeflected, 


v 
all sample of radium in a ee 
y found that the poles of a magn 


. i i h 
NY experiments, developed a device — 
from radium throu in a lead s^ 
all radiation ex i eee 


cept that going thro h the hole. Betwee? 
the hole and a Special screen, he Placed a sheet aP F ] Samm of the pa” 
ticles went right through, while ott $ 


Rutherford, in 1911, was abl 


ave 

A and oxygen.) What must es ena 
Positively charged roton.) Ru 

Breat energy to a proton, had ed i into a nitroge” 


t until 1932 that — Chadwick T 
i sumed a nucleus of P 
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(electrons), As pupils read “Bullets from an “Atomic Gun’” ( pages 297- 
99), you will wish to review and reinforce concepts from earlier units. 
The cyclotron, for example, is a kind of machine. Machines convert en- 
ergy into a force to do work. What work does an accelerator of protons 
do? It moves protons, particles of matter, around a long circular path. 
By increasing their speed, it increases the force of a positively charged 
proton so that it can overcome repulsion by a positively charged nucleus. 
When work is done, energy must be put in. What supplies the energy to 
the cyclotron? (Moving electrons.) How is this force multiplied? (By 
How do electromagnets speed up atoms? (Attraction 
and repulsion.) How do they keep the protons in a circular ea (By 
the same means.) As pupils examine the illustration of nae mee on 
text page 298, encourage their appreciation of the technologica pro on 
that had to be met to design and build this type of machine. Some accele- 


rators weigh hundreds of tons. 


electromagnets. ) 


Extending the Concept , ' i 
Seeing ar daw Watch, or clock, dials that glow in the dark are ex- 
g ; 


cellent for seeing radiations. The paint is mainly zinc satne vo a ee 
of radium chloride in it. As the radium decays (loses partic ~ Aar ia- 
tions), the radiations stimulate the zinc pee tions a T eamin 
These can be seen by taking the watch into a dar! P se peer 
it with a glass after the eyes have become dark o maah i 
Pupils doing this investigation at home report et : referred to as a 
Radioactive dating of rocks. Uranium is some a E ehe a 
time clock of the universe. Interested students may do dune © of E 
brary references to discover how geologists Gaa i z counter to 
Others may wish to report on how geologists use os i naan 
discover new lodes of uranium ores, Or other radioactive s , 


Reviewing the Concept 


5. a 
Before You Go On. A. 1. a 2a 3 b faib ` 


i at the left would become a form (iso- 
Using What You Know. 1. The atom ai sAr man ee 


n ii a s 
tope) of nitrogen; the middle atom vould become an isotope 


x i n atom w 
right an isotope of fient. 2. r mate protons than electrons, and 
of carbon. 3. Positive; there WO 


Protons have a positive charge. 


Section 3: NUCLEAR REACTIONS È: ; 
he radioactive decay of ura- 

ils le \utrons produced by t fi 
Pe on gs be made to split other nuclei in a 
chain EO vati the release of tremendous amounts of energy. Apply- 
ing earlier understanding that energy produces a force, pupils Pan to 
comprehend that controlling the rate of fission provides a steady force 


for transfer of energy to machines. 
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TEACHING SUGGESTIONS 


Equipment and Materials 


... Watch or clock with lumi- 
nous dial 
... strong magnifying glass 


(Text page 301) 


(Text pages 302-07) 


SUBCONCEPT 
Energy can be released by fission of 
atomic nuclei; the rate of fission can 
be controlled. 


Processes emphasized 
Development of models 
Analysis of data 
Invention 

Library research 
Hypothesizing 
Theorizing 


Equipment and Materials 

... about 100 marbles 

-..Tubber bands, or a spring, 
for propulsion 

... dominoes (optional) 


A chain reaction depends on the 
quantity of uranium which can un- 
dergo fission. 


Introducing the Concept 
In this study, 


nium atom, as it decayed radioactively, gave 


amount of energy. Could a way be found to 
speed up the production of neutrons and could these neutrons be con- 


ic question, 


3 happen? If the model has been ore 
e or. ie oa oe 
another “nucleus,” Anoth Or pipet huolena” ill Dit tP 


Miraa na a chain reaction be set up among atomic nuclei? How ¢4? 
€ be controlled? How can controlled reactions be used? 


ce 
i T The amount of uranium that will proci 
S known as the critical mass. 
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Controlling the chain reaction. As pupils read the pages of the sec- 
tion, they will encounter several problems that can be clarified for them 
by models and analogies. Some of the following background information 
may be useful. Scientists found that slowing down the speed at which 
neutrons are traveling increased the chances of splitting the nucleus. 
Later, in 1938, two German scientists, Otto Hahn and F. Strassman, dis- 
covered that the uranium nucleus absorbed a neutron and then split like 
a glass marble dropped on a concrete floor. For an instant the two halves 
lay together and then the fragments flew apart. If the pupils recall that 
ve charge, they can infer that the two halves re- 
the binding energy is that holds the nu- 
he neutron appeared to disrupt it and con- 
vert it to enormous heat energy—the searing heat of nuclear fission and 
new forms of matter. Shooting in a neutron had caused matter to change 
form and release energy. While Hahn and Strassman did not realize they 
had succeeded in splitting the atom, Dr. O. R. Frisch and Dr. Lise Meit- 
ner did. They conveyed their findings to Niels Bohr, who immediately 
came to New York to work with Dr. Enrico Fermi, an Italian scientist 
then at Columbia University. On December 2, 1942, the first chain reac- 
tion in an atomic pile took place under the Stagg Football Stadium at 


the University of Chicago. 
Suppose the neutron used to 


the nucleus has a positi 
pelled each other. Whatever 
cleus together, absorption of t 


start a chain reaction is traveling too 


fast, will the nucleus split? Two analogies and one model may help sug- 


h speed on the ball, it is 
gest the answers. If a pool player puts too mue : 
likely to knock the ball it hits right out of the pocket. A golfer who hits 
his ball too hard won't sink his putt, put will make it roll right over the 
hole. Toy stores have many kinds of boxes with little holes or dents into 


which BB shot are to be tilted to form a pattern. If there is toa much 
tilt or too much speed, the BB shot will not stay in Fo han The = 
tron, if it is traveling at the right speed, is arene y the nucleus, 
which then splits and sends out other neutrons and ra o_o soan: 
What was used to slow down neutrons? a A ow did this 
work? If you roll a ball against the side of a box and “i it bounce bes 
the other sides, it soon slows down. The atoms of carbon bep = o 
not absorb neutrons, so a neutron bounces around for a = ile, a it 
hits a nucleus at a slower speed. It is absorbed and = nucleus sp zy s 
An automobile would not be much use without a enD uretor, Ey z 
It sends just the right amount of gasoline (mixed wi air) is e af : 
inders. To control the explosive release of nuclear energy, just the righ 
number of neutrons are needed. Suppose three neutrons i pra x y 
each uranium atom when it splits. (It does give off severa 3 If each neu- 
tron then hits another nucleus, all the uranium atoms, i a ‘ssa no time 
at all, undergo fission. An explosion results. If two of t ree neutrons 
can be absorbed, energy is released from only one nuc eus at a de, 
Fission is controlled. This is the role of the cadmium control rods. Cad- 


mium can absorb neutrons without its nucleus splitting. 
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TEACHING SUGGESTIONS 


Neutrons, when traveling at the 
right speed, cause fission. The num- 
ber of neutrons captured by nuclei 
controls the rafe of fission. 


(Text page 307) 


(Text pages 308-14) 
SUBCONCEPT 


Nuclear energy can be harnessed 
to machines to develop other forms 
of energy to do work, 


The role of the shielding can be deduced from the textbook, but oe 
may wish to compare it with insulation. Some pupils may also ask ar 
uranium-235 and uranium-238. What’s the difference? The latter has 
three more neutrons in its nucleus; it does not fission when it absorbs 
another neutron; it is 140 times as plentiful as uranium-235. These iso- 
topes of uranium can be separated from one another by physical means, 
and uranium-235 obtained for use in reactors, ‘cal 

A model for review. In summary of the scientific and technologica 
problems of building a nuclear reactor, encourage groups of pupils to 
design their own models of a nuclear reactor (text page 306). As each 
group explains its model, other pupils may act as critics, Such questions 


might be answered as: What is the atomic fuel? (Uranium-235.) What 
are the “brakes” to slow dov 


vn neutrons? What is the “neutron sponge 
and why is it needed? What is the shield made of? Why must it be so 
thick? 


Reviewing the Concept 
Before You Go On. a 3.b 4 5. b 

. „a r 
l. The atomic 


stop; the neutrons w, 


ould be trav 
fuel. 


: on 
in the atomic pile would s0 


eling too fast to be absorbed by the nuclea! 


Section 4: USES OF NUCLEAR ENERGY 
As pupils see how nuclear energy ; J 
Sy is used t K k, the 
become more fully aware of the many types o the a what can 
be used to develop a force and of the ma. ee be trans 
ferred and multiplied. nY Ways a förcemay 
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Introducing the Concept 

A good way to start thinking is to use the model nuclear reactor in 
the investigation at the end of the preceding section (text page 306). 
Ask what familiar form of energy the reactor generates? (Heat.) How do 
you think this heat can be used to do useful work, such as turning ma- 
chines or generating electricity? What is the source of the energy in a 
nuclear reactor? (The nucleus of an atom.) Is this potential or kinetic 
energy? (Potential. ) The text is clear on changes that take place be- 
tween the splitting of the atom and its use to do work, so the text may 
be assigned for reading, with attention especially to these questions: 

How is nuclear energy changed to other forms? What devices transfer 


the energy? 


Developing the Concept 
Energy conversions and transfers. Pupils who have grasped the essen- 


tial concepts of energy conversion with transfer of the forces produced, 
should be able to trace the link between the atomic nucleus and elec- 
tricity with little difficulty. The question and answer style below is a 
guide to return pupils to the track if they fail to follow the key ques- 
tion: What happens next? Wherever possible, pupils should make their 
own inferences and analysis with as little direct help as possible. 

; y in a reactor. All is going well. What 


We have nuclei splitting regular] is go 
? (Radiant, or heat.) How is this energy trans- 


kind of energy is produced: 

a tos Taid metal, or other substance, in a closed pipe.) On 
some reactors, such as that at Shippingport, Pennsylvania, water at about 
525° F., still liquid because under great pressure, ce the heat. 
Where does this superheated liquid go? (To a boiler.) W hy? (To trans- 
fer the heat energy to change water to steam.) W hat kind of a change 
is this? (Physical change.) What does this change do? (As water changes 
to steam, the force generated by the kinetic energy of moving water 
molecules is multiplied about 1,700 times.) What does this force do? 
(Turns a turbine.) What is a turbine? (A machine consisting of a bladed 
wheel that turns an axle, thus multiplying force.) og does voce 
do to generate electricity? (It turns a coil eral eld, 


j f mo 
changi anical energy into the energy 0 : 
ging mechani gy Js see that nuclear energy is merely another 


In a wa h as this, pupi 4 
way such a pup d devices in a different way to 


form of energy attached to machines an iffe 
produce a a to do work. If they have kept a chart similar to those 


on pages T-108 and T-130, they may NOW compare these charts. En- 
courage them to devise their own chart of conversions of energy and 
transfer of forces from nuclear energy to electric energy. 
Can we use all the energy from a reactor? Even though the energy in 
a pound of uranium is about equal to that in a million tons of coal, how 
much of the nuclear energy do you think we can put to useful work? 
Encourage pupils to point out where some of the energy is changed to 
forms we do not wish to use. First, some of the neutrons are absorbed 
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Processes emphasized 


Development of models 
Analysis of models 
Analysis of data 
Reporting 
Hypothesizing 
Theorizing 

Prediction 

Library research 


Nuclear energy produces grea 
forces. 


Nuclear energy has produced use- 
ful isotopes. 


by the control rods in the reactor. Some of the radiant (heat) energy is 
used to raise the temperature of the liquid in the closed system leading 


ergy is that it has given a tool 
© structure of matter and its rela- 


Extending the Concept 
Nuclear energy and the Nor 
af ong navigators had dre nding a passage to Asia around 
© top of North America The nuclear submarine Nautilus made this 
pic for an interesting report. 
diati S now know that radioisotopes 
mea at regular Tates, some more slowly than 
a half-life of 5,568 years; uranium a half-life ° 


es sy Los 
ion in Israel and in os 
€y may read about in current events: 
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Reviewing the Concept 


Before You Go On. Answers are based on the pupil's research. 


Section 5: THE MAIN CONCEPT: PARTICLES OF MATTER 


The pupils review the changing concepts of the atom and comprehend 
that discovery of the divisibility of the atom led to new concepts based 


on the behavior of subatomic particles. 


CONCEPT SUMMARY ; ; i 
This section offers opportunity to review once agam the close rela- 


tionship between the ways of the scientist and the ways of the technolo- 
gist. The questions in the margin suggest ways in which this partner- 
ship can be explored. Pupils should first read the ta —— 
Do we always get concepts from direct evidence? (No. o se 
learn by indirect evidence.) For example, if you saw three or four di 
ferent tracks in the snow, how could you tell what kind of an ee 
had passed by? A Boy Scout in the class may tell his experiences, 2 
as: A large animal would make large tracks; a horse would — n 
marks, but a bear would leave paw marks; a squirrel would e = 
prints close together, while a rabbit’s larger prints reae e we 
apart. How would you know that a jet plane had a he syi _ 
trail, indirect evidence based on past experiences. ) I aon —— s 
could make tracks, would you expect different particles to have different 


tracks (text page 315)? 


A simple home-made cloud chamber can be constructed in the fol- 


i i to the bottom of a gallon jar on the 
a F ive niet TR piece of black cloth over 


inside. Soak the cotton with alcohol. Place a ple c y 
the mouth of the jar and screw the lid on over it. en 
a le ee Ta TÈ eae chon “| re at place one 
tongs.) Shine light from a slide projector through on ps a ees 
hand on the inverted bottom. In a few minutes, alcoho ne nee 
as clouds. If you observe carefully and patiently, tar w e A E 
stray radioactivity. If you can get a bit of pahi i the jar and 
substance painted on luminous watch dials, place it 1 


note the much stronger trails. k 

The singa i protons, and electrons should! akoga 
How are they alike? (Neutrons and protons are about Saa er 
How different? (Neutrons: 0 charge; protons: T e eI 
— charge; little mass for the electron, great mass for the prt bed 
trons; neutrons and protons bound together in nucleus, € 


tion about the nucleus. ) 
; e.g iew of the concepts, 
All particles seem to have energy. P apih, an pa sa thus eit 
should recognize that a proton can be added to the nucleus, 
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TEACHING SUGGESTIONS 


(Text pages 313-14) 


(Text pages 314-20) 


CONCEPTUAL SCHEME 

When matter changes from on 
form to another, the total amoun 
of matter remains unchanged, 


UNIT CONCEPT 

In nuclear reactions, a loss o 
matter is a gain in energy; anc 
the sum of the matter and energy 
remains unchanged. 


How can we “see” atomic particles? 


What are the three main particles 
in an atom? 


What parts of the atom have en: 
ergy? 


s there a gain in the total amount 
of matter and energy when the nu- 
cleus of an atom is changed by the 
addition of a proton or by nuclear 
fission? 


(Text pages 316-20) 


us 
ing its atomic number; that a neutron can be t a a bn 
and induce it to split; and that an electron can be “rubbed o 
potential energy (electric charge), All situations release poe — 
Discussion of this question may, for the moment, be inconc pa r “a 
pupils will not have had all the evidence until they have comp i ae 
final unit of the textbook. However, they may be able to infer ae aoe 
ter has been put in when a proton is accelerated sufficiently to a eset 
a nucleus and thus change the form of matter, as in Rutherford’s o a 
ing of nitrogen to oxygen. They may also be able to infer that a nen x 
added to a uranium nucleus causes it to split into other forms of ma k 
(elements), with the result that energy is released as the new n 
are formed. Such inferences can be accepted for the time being. Emp a 
size the fact that a good scientist is continually testing by new eviden a 
any concept he may form. The nature of concepts is their testai p 
would appear on the evidence so far presented that a loss of matter t 


ind : clear 
gain in energy, and that the sum of the matter and energy in a nu 
reaction remains the same. Pu 


r ate- 
pils who approximate this conceptual st 
ment are improving in ability to see relationships between concepts- 


FIXING THE MAIN CONCEPTS 


Testing Yourself. 1, b 2b 3. Slowing down neutrons, solved by provid 
ing a neutron deflector such as 
reaction rate, such as 
radiation 


„Iding to 
an energy converting device. Shielding 
eliminate damage from radiati 


are e 
neutrons in its nucleus 


mic 
s and 11 electrons around the nucleus. (At? 
number = number of proton: 


protons + neutrons.) 
Quick Test. 1, Table completed as follows; 
Protons Electrons Neutrons 

Oxygen 8 8 8 
Nitrogen 7 y T 
Sulfur 16 16 16 
Aluminum 13 13 oe 
Copper 29 29 35 
Tron 26 26 30 
Uranium 92 92 146 
2. Pupil’s choice. 3, Chlorine 4. \ i to An 

a iG > & Magnesium. 5, Change b t 
electron is lighter than a proton, or transpose aes and proton 10 
Printed sentence; d to In an atom i 
number of protons 


» the number of el 
; e to In an ato; 


on is the sour 


the 
ectrons is equal acne 
mic pile, or reactor, fission takes P 
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A CONCEPT OF MASS-ENERGY: A NEW VIEW 


In this second New View pupils begin to appreciate that all the en- 
ergy conversions and transfers they have studied can be summarized in 
a larger concept of the conservation of matter and energy; that is, in all 
conversions of energy or changes in matter 


mass-energy relationships, 
amount of matter and energy. 


result in neither gain nor loss in the total 


TEACHING SUGGESTIONS 


Throughout Concepts in Science 6 pupils have been noting likenesses 


and differences. It may be well to review some of the basic likenesses. 
For example, pupils should be able to cite the obvious likenesses that all 
the living and nonliving things mentioned in the first paragraph consist 
of matter, Like peeling the layers from an onion, they may proceed in 
answer to the repeated question “How else?” to note that matter consists 
of elements and compounds whose properties are determined by their 
molecules; that molecules are made up of atoms, which are the building 
blocks of all matter; and that atoms, in turn, consist of protons, neutrons, 
and electrons arranged in certain ways. This arrangement determines 
the mass of an atom, which is represented by its atomic weight. 


If you wish to bring out differences in matter, you may wish to have 
pupils review those between elements (made of one kind of atom) and 


compounds (more than one kind of atom), and between stable and un- 
stable atoms, to lay the groundwork for discussion of changes in matter. 


Several changes may be brought out by 
Peeper os ah oe The obvious ones Be oe igi ener 
or molded—a change of shape Or form; then the a : — eE A 
solving, change of state, which is a change © aa oT a ay give poten- 
molecules of a substance, or a change T ral wen zai i valentia 
tial energy to a substance. Raising a weight to a height & Į 


energy; so does the transfer of an electron by friction. 
ange? Pupils may cite illustrations of 
rmation of compounds (synthesis) or 
(decomposition). How can we 
r loss of matter in a chemical 
hange in mass.) 


the question: What physical 


What happens in a chemical ch 
changes in properties, as well as fo 
Separations of compounds into elements 
show that there has been neither gam o 


change? (No change in total weight; that is, no © l 
ossible? Of course pupils re- 


What other kind of change in matter is P ust completed. Do you 
call nuclear changes from the unit they have tend Evén after 
think any matter has been lost? Has any erabe PEE où this ques- 
their just-completed study, pupils are likely to a are ready to under- 
tion. Depending on whether you think your pop” on pee EAE 16 
Stand a simple mathematical-diagramatic presenta fass in the splitting 
reproduce the following diagram, showing a loss = EE 
of the uranium atom. The uranium mass of 230 isiseen ht (mass) evi- 
with a combined mass of 233, and there is a loss in weig a 
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TEACHING SUGGESTIONS 


(Text pages 321-23) 


CONCEPT RELATIONSHIPS 

In all mass-energy relationships, 
the sum of the amounts of matter 
and energy involved remains un- 
changed. 


There are hidden likenesses in 
matter. 


Matter can undergo change. 


In a nuclear reaction, matter Jost 
equals energy gained. 


i i lium 
dent in the fission reaction. (For fusion reaction of hydrogen to helium, 


see pages T-181-82. ) 
krypton nucleus 
(m=93) 


uranium nucleus 
(m=235) 


+37 neutrons 
neutron 


. s 
56+) barium nucleu 


j 
è z rea " = me^. 
lain Einstein’s famous equation E 


š s unit, 
xpressed in ergs, a very small energy 
grams, and c in centimet 


by a mass of 1 gram w 


to 13,560,000 ergs. ) 
the tremendous amo 


energy 


Now you are ready to exp 
(For your information, E is e 
m is expressed in 
of ergs produced 


-< equa 
surement, 1 foot-pound en 

ily 
figures, a pupil can readi X aal 
rgy involved in the conversion of a $ 


en- 
to calculate the observed amount of 
ergy resulting from nuclear Te: 
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-W 
vIEY 
A CONCEPT Of MASS-ENERGY: A NEW 


TEACHER’S NOTES 


ie TÄ COGN E 


UNIT SEVEN 


MATTER 
INTO ENERGY 


The discovery of atomic particles and the power they contain 
is one of the new pages in the history of mankind. Left free, this 
power brings destruction and death, but modern technology 
enables man to set up protective measures against harmful influ- 
ences. For example: If you worked in an atomic energy installation, 
your own pen-sized radiation monitor in your 


you would carry 
a level gets “hot,” the monitor flashes its 


pocket. When the radiatior 
neon bulb and buzzes a warning tone. 


The picture on the opposite page is another example. It shows 
a device for extending the reach and power of the human hand. 
Such devices have been developed for very specialized purposes. 
The one shown is used to handle radioactive materials inside a 
r reactor and to perform operations in a “hot chemistry” 
ct, the need for handling radioactive materials 
] has been mainly responsible for the invention 


nuclea 
laboratory. In fa 
by remote contro 
and design of artificial manipulators. 

In the world of atomic particles, in a few hundred-thousandths of 
a second, a frightening quantity of energy can be released. In a 
nuclear reactor this energy is controlled. In an atomic bomb it is 


not. Where does the energy come from? 
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1. Inside an Atom 


Before the time of Marie and Pierre 
Curie, atoms were believed to be the 
smallest particles of matter, much too 
small to be seen. It was thought that 
they were invisible and indivisible. 

The idea that the atom was indi- 
visible was held for a long time. This 
idea dates back to the Greeks, in par- 
ticular, to Leucippus and his pupil 
Democritus, who lived about 400 B.c. 
Their ideas were purely imaginary and 
not based on investigation, 

Here is what they believed: Take 
a piece of a substance, such as 
copper. Cut it in half, then in half 
again, in half again, and in half 
again.© If you continue this 

ting in half,” the theory was, an 
is, that you would finally 
est piece of copper th 
and still be copper. Thi 
atom of copper. The a 
was considered to be 
indivisible. This was thought to be 
true of the atoms of substances, such 
aS copper, iron, sulfur, zinc, Oxygen, 
carbon, and all of the other elements, 


“cut- 
d still 
have the tini- 
at could exist 
s would be an 
tom of copper 
invisible and 


a piece 


of copper is cut in half 


the halves are cut 


The atom seemed to be the smallest 
particle of which matter was made. 

Much later, John Dalton (who lived 
from 1766 to 1844) did experiments 
which seemed to strengthen this idea. 
To Dalton, too, atoms were like tiny 
spheres, solid and indivisible. © They 
seemed to act as wholes, that is, they 
could not be divided. This see 
true of all atoms. 

Today, we still hold th 
the smallest Part of c 
exist and still be copp 
is no longer 
smallest partic 
made. Th 
made of 
know that 


med 


at an atom is 
Opper that can 
er; but the atom 
considered to be the 
le of which matter is 
at atom of copper is itself 
something else. Now we 
atoms can be divided. 
The Curies discovered that this was 
true of radium atoms, at least. Their 
important discovery Save scientists a 
new idea, or concept, of the atom and 
with that, a new concept of matter. 


Radium—Ą 
of Matter 
As the 
ply of 
this p 


nd a New Concept 


Curies worked to get 
pure radium, they foun 
articular element w 


a sup- 
d that 
as giving off 


E THE CONCEPT oF DEMOCRITUS 


m into smaller 
again and again 


SS STN LNN RARA ean 


finally the smallest Pieces that are Still copper are called 
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VLLA 
RST “. 


atoms = 
von Es 


energy in the form of rays. Careful 
experiments showed that one of these 
so-called “rays” was really made up of 
particles. These tiny particles, later 
called alpha particles, were found to 
be very small—much smaller than a 
radium atom. In other words, it was 
found that atoms of radium were not 
solid spheres at all. They were not in- 
divisible. Radium atoms gave off 
smaller particles! Therefore the 
idea evolved that perhaps some 
atoms, or even all kinds of atoms, 
might consist of even smaller particles. 

Soon other scientists began to dis- 
cover alpha particles, particularly 
when they worked with elements such 
as radium and uranium. Elements 
that give off particles spontaneously 
are called radioactive (ra’dé.6-ak’tiv ). 
They give off energy as well as par- 
ticles. Notice that the word radioac- 
tive relates especially to the word 
radium; but uranium was found to be 
radioactive also. 

Experiments with atoms of other 
elements showed that even though 
they were not radioactive. they too 
were made up of smaller particles. 
Such scientists as Ernest Rutherford 
(New Zealand) and Niels Bohr (Den- 
mark) showed that all atoms were 
made up of particles. Bohr gave us a 
new “model” of the atom, showing 
the atom as made of smaller particles. 
A Newer Model of the Atom 

The drawing of the carbon atom on 
this page shows the kind of model 
made by Niels Bohr. è Atoms of all 


© JOHN DALTON 
(1766-1844) 


A MARIE CURIE 
(1867-1934) 


© NIELS BOHR 
(1885-1962) 
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the elements can be modeled in the 
same manner. Although each of the 
atoms is different from every other, 
they all contain the same kinds of 
particles. 

Now investigate the models of 
atoms on the opposite page. See what 
is similar, and also what is different, 
about the four atoms. 


Removing Particles from an Atom 
Electrons are tiny p 


articles with 
negative (—) 


electric charges, Sup- 
pose the electrons were removed from 
the atom of lithium pictured on this 
page. ™ What would be left? The 
nucleus of the lithium atom (with its 
protons and neutrons) would be left. 

The symbols (+, — n) on the 
model stand for the electric charge of 
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the particle. The protons in the nu- 
cleus have a positive (+) charge of 
electricity. The neutrons (n) in the 
nucleus have no charge; they are 
neither positive nor negative, but are 
neutral. Although the nucleus of an 
atom consists of neutrons and protons, 
the nucleus has a positive charge be- 
cause of the protons, If any of the 
electrons of an atom are removed, and 
only the nucleus is left, the atom will 
have a positive charge.® Now it is 
easy to understand why a substance 
was left with a positive charge when 
electrons were “rubbed off,” as shown 
in Unit Six, 

Suppose no electrons are removed 
from an atom. What charge would 
the atom have? 

Study again the diagr 
atoms of carbon, oxygen, nitrogen, 
and iron. How many electrons and 


how many protons does each of the 
atoms have? 


To have a positive ch 
must have more proto 
trons. To have a negative charge, an 
atom must have more electrons than 
protons. The positive (+) charge of 
one proton and the negative (—) 


charge of one electron neutralize each 
other. 


ams of the 


arge, an atom 
ns than elec- 


normally has an 
protons and elec- 


AN INVESTIGATION into Models of Atoms 


Needed: physical models as well as 
diagram models of atoms © neutron (n) 
(=) proton (+) 


Here are models of four atoms drawn 
Q electron (—) 


flattened out to give you a clearer idea 
of the number and kinds of particles 
they contain. The models are of carbon, 


oxygen, nitrogen, and iron. m ooo, 
Three kinds of particles are shown. 
The neutrons are green, the protons red, & 
the electrons yellow. 
Where are the protons and neutrons 
SS ee 


located in an atom? 
Where are the electrons located? carbon 


In what ways are these atoms differ- 
C) 
° Q 
S A 


ent from each other? similar? 
oxygen 


(@) 


nitrogen 
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p helium 


Q o- 
"a an 
\ 
Q 
I Q ò 
Se l 
NS 
electron (—) Q 
Q 
& proton (+) Q 
neutron (n) @ 
lithium 


Now look at the diagrams of three 
other atoms—helium, chlorine, and 
lithium.” Trv to find the number of 
protons and electrons in each atom. 
How many do you find in each of 
these three atoms? 


The Structure of an Atom 

Complete the table to show the 
atomic structure of some familiar 
elements.” Copy the table on a sep- 
arate piece of paper and fill in the 
numbers of protons and electrons 
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which are missing from each of the 
atoms. Remember that all of the atoms 
are neutral. For the moment, however, 
do not fill in the number of neutrons. 

Were you able to fill in the table 
properly? All normal atoms have 
equal numbers of protons and elec- 
trons. Except for the lightest-weight 
hydrogen atom, all atoms have neu- 
trons as well. Neutrons have no elec- 
tric charge. An atom has, therefore, 
equal numbers of (+) and (—) 
charges, 

Is there any way 
number of neutrons 
the table of commo 


of determining the 
in an atom? Study 
n elements on the 


Opposite page and then try to deter- 
mine a method for finding the num- 
om. A Try to 
you read ahead. 
t, go on to the 


ber of neutrons in an at 
determine this before 
If you find it difficul 
next page. 


a 


APPROXIMATE | NUMBER OF PROTONS | 


N — 
AME ‘OF ELEMENT ATOMIC WEIGHT | (ATOMIC NUMBER) 
aluminum 27 13 
antimony 122 51 
argon 40 18 
arsenic 75 33 
barium 137 56 
beryllium 9 4 
bismuth 209 83 
boron 11 5 
bromine 80 35 
cadmium 112 48 
calcium 40 20 
carbon 12 6 
cesium 133 55 
chlorine 35 17 
chromium 52 24 
cobalt 59 27 
copper 64 29 
fluorine 19 9 
germanium 73 32 
gold 197 79 
helium 4 2 
hydrogen l 1 
iodine 127 53 
iron z 56 26 
krypton 84 36 
lead 207 82 
lithium 7 3 
magnesium 24 12 
manganese 55 25 
mercury 201 80 
nei 20 10 
nickel 59 28 
nitrogen e 7 
oxygen g 
palladium 106 ae 
phosphorus 31 i 
platinum 195 78 
potassium 39 2 
radium 226 z 
radon ae e 
rubidium Ba 3 
selenium 3 - 
silicon 1 
silver 108 47 
sodium 23 u 
strontium 88 38 
sulfur 32 le 
tin a z0 
titanium aa 
tungsten 184 74 
uranium 238 92 
EGA 131 54 
zinc 65 30 


zirconium A 91 40 


Once you know the atomic weight 
of an atom and the number of protons 
in an atom, you can determine the 
number of neutrons. Here is the for- 
mula: 


neutrons + protons = atomic weight 


The atomic weight given in the 
table is accurate enough to help you 
compare the weights of the different 
atoms. The atomic weight does not 
include the weight of the electrons, 
Electrons do not seriously affect the 
weight of the atom, because they are 
so very light. It takes 1,836 electrons 
to equal the weight of 1 proton. 


BEFORE A. Study the statemen 


YOU GO ON 


section. 


l. An atom has 1] 


cleus, there are 


It has in its nucleus 
a. 12 neutrons 


3. In your notebook finish the dra 
els” of atoms shown in the margin. 


a. positive 


5. The belief that atoms are in 


a. Bohr 


B. Write a paragraph or two 


Atom—Today. 


292 


ts below 
sponses. They will help y 


a. 22 electrons 


2. The atom mentioned 


4. The electric charge of a sin 


Now use the table of atomic 
weights and see if you can determine 
the number of neutrons for each of 
the atoms listed on page 290. 


A Look Ahead 


Now that you know what is inside 
an atom, let us split one kind of atom 
to see what happens. What happens 
when the nuclei (plural of nucleus) of 
uranium atoms are split? 

Before going ahead, fix the struc- 
ture of an atom more clearly in your 
mind. Make your own models of 


atoms as in the investigation on the 
opposite page. 


and choose the correct re- 
ou fix in mind the concepts of this 


protons in its nucleus, Outside its nu- 


b. 11 electrons 


in 1 has an atomic weight of 23. 


b. 11 neutrons 


wings of the two * 


“‘mod- 
He 


gle atom is usually 
b. neutral 
divisible was held by 
b. Dalton 


on this topic: A Model of the 


MAKING MODELS: The Atom 


Needed: materials from which to invent 
and construct models of sodium, 
carbon, or oxygen atoms 


Only one clue is needed at this time. 
Notice in the atom models here, and on 
earlier pages, that electrons revolve 
around the nucleus on different shells. 
In the oxygen atom, the shell nearest 
the nucleus has only two electrons. E 
Invent your own model.  @ A What 
material will you use for the nucleus: 
clay, perhaps? for the electrons: beads, 
perhaps? Can you think of a way to 
make the electrons actually revolve? 


USING WHAT 
You KNOW complete it. Œ 


1. Copy the followin 


g table in your notebook and try to 


ON YOUR OWN 


2. Splitting the Nucleus 


When scientists use the phrase “to 
split the atom,” they really mean 
“to split the nucleus.” Splitting of the 
nucleus of an atom such as the ura- 
nium atom is called fission (fish’on ). 
What happens when the nucleus of an 
atom undergoes fission? 


Bullets to Split an Atom 

Let us make a model of an atomic 
nucleus, using a collection of mar- 
bles. Arrange the marbles as shown in 
the illustration. Now, how can we 
split up this model of an atomic nu- 
cleus? We can shoot a single marble 
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One of the great scientists w 
structure of the atom was Er 
scientist. Perhaps you will want 
to find out more about him. 


ho did much to discover the 
nest Rutherford, a British 


to do research in the library 


into its midst and scatter the marbles 
in all directions, © 


into a spheric 
ble would h 


atomic nucleus? Moreover, how could 
this bullet be given enough force to 
split a nucleus? 

Scientists have found that a neu- 
tron, the tiny particle with no electric 
charge found in the nucleus, can be 
used to split atoms. 4 Certain unsta- 
ble atoms can be made to give up 
neutrons from their nuclei. These neu- 
trons can be shot into the target nuclei 
of other large atoms and cause them 
to split apart into several pieces. A 

Scientists have also found that cer- 
tain nuclei, the nuclei of some of the 
heavier atoms, are easier to split. For 
instance, the nuclei of uranium atoms 
break apart much more easily than 
the nuclei of most other atoms. You 


can see from the table on page 293 
that the uranium atom is a very heavy 
atom. How many protons does it have 
in its nucleus? 

Neutron bullets have been used to 
split uranium atoms. The uranium 
nuclei undergo fission. Each nucleus 


barium nucleus 


neutron 


uranium nucleus 


a? 
krypton nucleus ¢ 


FISSION 
A 


bal 
x 


Œ ATOMS WITH ATOMIC NUMBERS 1-6 


Q (1) 
© hydrogen 
Ə Q 
helium ® 
Q 
© 
lithium 


© (7 
beryllium / £ 7 
els 
is 
Q 
(5) 
boron 
B ) ! 


breaks into two or more smaller 
nuclei, thus creating different ele- 
ments. Completely different elements 
may be formed. Some of the elements 
that are produced when the nuclei of 
are barium, 
bidium. 

The previous Page shows nuclei 
a uranium nu- 
on page 29], 
tons in a ura- 


An Important Number 
Look at the ] 
ments in the tab] 


illustration 
atoms with atomic 


© you see that 
each element has a different atomic 
number? Tt jg the number of Protons 
atomic num er) which determines 
the ¢ aracteristics of the atom. 
Notice that the atomic number of 
Carbon į 6; that is, carbon has 6 pro- 
a If one Proton were added to th 
on arbon, it ould have vi 
Hee and e atom would no longer 
on at would it e? Look 
ite nd fi © atom with 7 
fen atomic n mber of 7) 
sth S nitroge adding one 
about ucley, carbon 
muclene e changed © a nitrogen 


\ 


neutron 


/ 


proton 


alpha particle x 


@ THREE ATOMIC BULLETS 


The neutron then is not the only 
kind of “bullet” that can cause 
changes in the nucleus of an atom. 
Read on to find out about other kinds 
of atomic bullets—kinds that must be 
shot from a kind of “atomic gun. 


Bullets from an “Atomic Gun” l 

The neutron, a tiny particle with 
no electric charge, can be shot into 
the nuclei of certain kinds of atoms 
to cause fission. Suppose a charged 
bullet,” an electrically charged parti- 
cle, were to be shot into the nucleus 
of an atom. What would happen? The 
proton, which has a positive (+) 
charge, can be used. You can get yo 
tons by using the nucleus of a hydro- 
gen atom which has one proton. 

The nucleus of a helium atom, 
which has two protons and two neù- 
trons, can be used also as an atomic 
bullet. It has a positive charge and is 
known as an alpha particle.® (Re- 
member that alpha particles poe 
given off by the radium samples that 
were studied by Madame Curie. ) 


A helium nucleus (with an atomic 
number of 2) may be used as the bul- 
let to hit a nucleus of lithium (with an 
atomic number of 3).A A nucleus of 
boron (with an atomic number of 5) 
results. 

The problem of hitting a nucleus 
with a single proton or with another 
charged nucleus, such as an alpha par- 
ticle, is not easy. What is the electric 
charge of the nucleus of an atom? It 
is plus (+), because the neutrons 
have no charge; the protons do. Par- 
ticles having like charges repel each 
other, so the nucleus of an atom would 
normally repel a proton. Unless a pro- 


ton moves fast enough to over- 


A 


lithium nucleus 
y s 


i 
P 4 alpha particle 
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come the force of repulsion, it will be 
pushed away ( repelled) by a nucleus. 
The problem then is to increase the 
proton’s speed. 

One way to make protons move fast 
enough to hit a nucleus is to use an 
“atomic gun.” This is not the kind of 
gun found in science fiction movies, 
An atomic gun is a huge structure, 
One type of atomic gun is the cyclo- 
tron (si‘klo-tron). m 

The “bullets” used in a cyclotron 
are either the nuclei of hydrogen 
atoms (protons) or the nuclei of heli- 
um atoms (alpha particles), 

In the cyclotron, then, the atomic 
bullets, the positively charged parti- 
cles (protons or alpha particles), can 
be shot at very high speed. The nu- 
clei of different atoms are the targets, 
When a proton hits a nucleus, the 
nucleus may change. In this way new 
atoms may be formed. 
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In scientific terms, the cyclotron is 
a nuclear accelerator, It accelerates, 
or speeds up, the motion of the nu- 
clear particles, It has helped scientists 
to learn more about the nature of the 
atom. The cyclotron was invented by 
an American, Dr, E. O. Lawrence, 

Inside the cyclotron protons are 
rushed around and around in a circu- 
lar path, from the c 
side.@ This s 


“dees” (each one is shaped like the 


uge  electromagnets 
articles in their circu- 


The cyclotron accelerates “bullets” 
having a positive charge. © Other 
types of accelerators may use “bul- 
lets” having a negative charge; they 
may use electrons. 

A cyclotron, then, can be used to 
change the nuclei of atoms. But the 
nuclei of some kinds of atoms change 
by themselves. 


Unstable Atoms 

Some kinds of atoms, such as the 
radium and uranium atoms, have a 
nucleus that does not hold together 
very well; it is said to be unstable. An 
unstable nucleus breaks up by itself, 
giving off tiny particles and energy. 
No atomic bullets are needed. 

Recall that a substance, such as ura- 
nium, which has an unstable nucleus, 
is radioactive. Because some of its 
nuclei are always breaking up, a lump 


of uranium keeps giving off particles 
and radiant energy. A Heat energy is 
one form of energy produced. 

How is it known that particles and 
“rays” of energy are being given off? 
Perhaps your school has the kind of 
apparatus shown on page 300. If not, 
one can probably be borrowed from 
the local Civil Defense headquarters, 
for use in the investigation outlined 
on the next page. 


electrical charges 


bottom 
electro- 
magnet 
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AN INVESTIGATION into the Detection of Radioactivity 


earphone 


Needed: a Geiger counter 
for 

clicking The apparatus shown is called a Geiger 
counter. H 

Notice that it consists primarily of a 
tube. Each time a charged particle en- 
ters the tube, it causes a change in the 
gas inside. An electric current jumps 
across the tube, causing either a flash 
of light (in a bulb) or a sound (a click). 
The Geiger counter registers, or counts, 
Particles in the surrounding area. 

How many clicks or flashes do you ob- 
serve per minute? The counts let you 
know how much radiation is present. 
The counter shows that nuclear parti- 
cles and radiations are all around us, 
but the normal amount of radiation in 
the air is not dangerous. Your Civil De- 
fense director can give you more infor- 
mation about radiation and its effects. 

If a radioactive ore, or substance, 
were to be placed near the Geiger count- 
er, would the counts increase? An adult 
should always be Present when you test 
a radioactive substance with the count- 
er. How useful is the G 


eiger counter to 
scientists? 


GEIGER 
COUNTER 


Additional Investigation: Is there a 
detector watch with a luminous dial in the school 
ube 


Test the watch with the 


stance migh 


t it contain? What precau- 
tions should 


be exercised? 
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BEFORE 
YoU GO ON 


USING WHAT 
YOU KNOW 


A. Study the statements below and choose the correct re- 
sponses. They will help you fix in mind the concepts of this 
section. 
1. When the nucleus of an atom is split, we say it has 
undergone 
a. fission b. charging 
2. When an atomic nucleus is split, it gives off particles 
such as neutrons and 
a. protons b. heat 
3. An atomic bullet which is used by scientists to split an 
atom is the 
a. cyclotron b. neutron 
4. The atomic number of an atom is its number of 
a. neutrons b. protons 


5. A cyclotron is an 
a, atomic gun b. atomic bullet 


B. Write a paragraph or two on this topic: Splitting an Atom. 


To do the following problems, use the table on page 291 
and the diagrams of atoms below. © A 


1. What atom would be formed in each case if a proton 
were shot into the nucleus of the atom? 


9, What would happen if, instead of gaining a proton, a 
nitrogen atom were to lose a proton? 


3. If the new atoms gained only protons and no electrons 
would their charge be positive or negative? 


6e 7e 
8e 


3 : 
m carbon @ nitrogen oxygen 
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ON YOUR OWN 


An oxygen atom has 8 protons and 8 neutrons. What if it 


lost a proton but kept the same number of neutrons, as shown 
in the diagram? & What atom would this be? 


a 7e 


It has the atomic number of nitrogen; therefore it is an 
atom of nitrogen. But it has an atomic weight of 15. Nitrogen 
atoms normally have an atomic weight of 14. 

Atoms with the same atomic numbe 
weights are called isotopes (i’sa-tops ) 


r but different atomic 
. Thus nitrogen with 


an atomic weight of 15 is an isotope of nitrogen. 


Note that the oxygen atom has also lost 


an electron. Would 


you expect this to happen? 


Why not go to the library to find out more 
For instance, find out 


a. how they are made 


about isotopes. 


b. how they are used 


Share your knowledge with your class. 


3. Nuclear Reactions 


When an atomic nucleus breaks up, 
its particles shoot out in all directions 
and a great deal of heat is produced. 
Suppose an engineer had the problem 
of obtaining heat from an element 
like uranium. He would need to find 
a way to break up the nuclei of many 
atoms of uranium—without an explo- 
sion. Such a way has been found. It 
makes use of an invention known as 
an atomic pile. 

In an atomic pile many nuclei split, 
that is, undergo fission, by a process 
known as a chain reaction. ® To get 
an idea of how a chain reaction oc- 
curs in an atomic pile, we can use our 
model nucleus made of marbles and a 
spring marble launcher. a When we 
shoot a single marble (atomic bullet) 
at the bunch of marbles (target nu- 
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cleus), the marbles from the marble 


nucleus scatter in many 

Suppose th 
the marble n 
them hit othe 
nuclei. Then 
be split. Thei 
and would, 
more nuclei, 


In an atomic pile, the atomic 
are neutrons, A speeding neutron hits 
a uranium nucleus. The uranium nu- 
cleus splits up and sends out other 
neutrons. These neutrons also hit ura- 
nium nuclei and cause them to send 


a very short time, 
second, fission after 
m nuclei takes place. 
80es, very steadily— 
neutrons hitting nuclei and freeing 
other neutrons to hit more nuclei. 
This process is the chain reaction. 


directions. 

at as the marbles from 
ucleus scatter, some of 
r bunches of marbles, or 
these nuclei would also 
r particles would scatter 
in their tum, break still 


bullets 


Controlling a Chain Reaction 

If the chain reaction were to hap- 
pen too quickly, there would be an 
explosion. Rapid fission causes an 
explosion in a nuclear bomb. A nu- 
clear explosion releases a tremendous 
amount of heat and nuclear radiation. 

In an atomic pile, however, the 
chain reaction proceeds as slowly or 
as fast as scientists may decide. They 
control the rate of fission and the 
amount of radiant energy which will 
be given off. 

In the early days when atoms were 
first being split, the devices in which 
the chain reactions were controlled 
were known as atomic piles. Today 
they are usually known as reactors. 
(Notice the similarity between the 
words reactor and chain reaction. ) 

The best way discovered, so far, for 
slowing down the speed of a chain re- 


action is to “soak up,” or absorb, 
many of the neutrons before they get 
a chance to cause fission. This can be 
done with special control rods made 
of the metal cadmium (kad’mé-am ). 


cadmium control rods 


The rate of fission is controlled by 
raising or lowering the cadmium rods 
into the reactor. E The rods absorb 
many of the free neutrons. This helps 
the person operating the reactor to 
control the speed of the reaction, As 
the rods are lowered even farther, 
they absorb still more neutrons. The 
reaction becomes slower and slower 


@ 
graphite 
blocks 


uranium in bars 
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since there are then fewer neutrons to 
act as bullets. When the cadmium 
rods are lifted, the reaction speeds up. 
By putting the cadmium rods in cer- 
tain positions, scientists can cause the 


chain reaction to proceed at the speed 
which they want. 


Building a Nuclear Reactor 

What is needed to build a nuclear 
reactor? 

First, a substance is needed that has 
nuclei which break up easily to give 
off free neutrons (atomic bullets). 
To get a supply of neutrons, scientists 
use one kind of fissionable uranium 
called uranium-235, The nuclei of 
uranium-235 split apart more easily 
than ordinary uranium nuclei (known 
as uranium-238 ). When the nuclei of 
uranium-235 are hit by neutrons, they 
split and a chain reaction is started. 

Second, a substance is needed to 
slow down the neutrons. Graphite is 
one such substance. Graphite is a form 
of carbon, the type used in pencil 
“lead.” In some reactors, the uranium 
is placed in blocks of graphite. ® As 
the free neutrons travel through the 
graphite, they are slowed down. 


Slower-moving neutrons have a bet- 
ter chance than 


center of the reactor, 


By means of these three basic sub- 
stances, a chain reaction for nuclear 
fission can be controlled. In addition, 
a shield is needed so that neutrons do 
not escape from the reactor. They can 
be very dangerous to people nearby. 

This is a diagram of an early re- 
actor.A It is the kind of reactor in 
which the nuclei of uranium undergo 
fission in a chain reaction. 

The speed of the reaction can be 
controlled by raising or lowering the 
cadmium rods from the top of the re- 


A cadmium control rods 


concrete 
shield 


containing 
uranium 
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actor. When a chain reaction proceeds 
very fast, tremendous heat is pro- 
duced. When it proceeds more slowly, 
there is less heat at any given time. 
The object is to control the rate of 
fission and thus to control the amount 
of heat that is produced. 

Here is a new source of energy, of 
heat energy in particular. How this 
energy may be used is described in 
the next section. First build a model 
of an early reactor (as shown in the 
investigation on the next page). 


graphite 
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MAKING A MODEL: A Nuclear Reactor 


Needed: modeling clay; sugar cubes; 
toothpicks; shoe box; dominoes 
and pencils 


Now that you have studied the structure 
and function of a nuclear reactor, de- 
sign a model of one. In designing 
your model you must keep in mind the 
factors involved, for example, the dan- 
gers of radioactivity. You will need a 
structure to guard against dangerous 
accidents; otherwise, neutrons and oth- 
er radiations will escape from the re- 
actor into the air. These can be very 
dangerous to living things, especially in 
large doses. 

Escaping neutrons could hit people 
near the reactor and could cause 
changes in the nuclei of the elements 
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and compounds in the human body. 
Radioactivity may be harmful or even 
fatal to the human body. 

For reasons of safety, then, nuclear 
reactors are surrounded by a heavy 
shield to keep neutrons from escaping. 
The shield may be a thick wall of con- 
Crete or of lead. Sometimes it is made 
of both. 

What might you use as a model of the 
cement shield for your model reactor? 
A shoe box might be used as a model 
of these walls. Pencils might be used 
to show how the control rods are raised 
and lowered. What would you use as 
a model for the uranium? for the graph- 
ite? Look at the models in the pic- 


tures. @ Can you make one that is a 
better model? 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


1. In a chain reaction, the particles which act as atomic 
bullets é rani 7 i 
lets and cause uranium to undergo fission are 
a. neutrons b. electrons 


2, An invention for getting a controlled chain reaction 
is the 
a. reactor b. cyclotron 
3. Another name for an atomic pile is 
a. an atomic gun b. a nuclear reactor 


4. To keep a chain reaction going and to increase the 
chances of neutrons hitting atomic nuclei, neutrons are 
2 a 


slowed down by 
a. graphite b. cadmium rods 


5. A substance used to control the chain reaction by ab 
. < ig 


sorption of neutrons is 
a. graphite b. cadmium 


B. Write a paragraph or two on this topic: Controlling a 


Nuclear Chain Reaction. 


J. Suppose the control rods (cadmium or some other metal) 
a 


USING WHAT 
in an atomic pile were missing, what would go wrong? 


YOU KNOW 
2. Suppose the heavy shield of cement or lead on the out- 
side of a reactor were missing, what might go wrong? 


3. Suppose the graphite (or other substance used to slow 


down the neutrons) were missing, what might go wrong? 


ON YOUR OWN In some reactors, “heavy water” has replaced graphite as 


ial for slowing down neutrons. Find out from re- 


the mater 
what other materials are being used in 


search in the library 
reactors today—as shie 
sr the cadmium rods. 


lds, atomic bullets, sources of neutrons, 
or replacements fc 
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4. Uses of Nuclear Energy 


What is the colorful building shown 
in the picture? Inside the building, 
huge generators are being turned by 
steam turbines. They are sending 
forth great quantities of electricity to 
the nearby area; but something is 
missing. Where are the giant smoke- 
stacks usually associated with electric 
power stations? This building does 
not need smokestacks because it does 
not use a combustible (burns with a 
flame) fuel. It has no coal or oil fur- 
naces. Nevertheless, 
duced easily. 

You are looking at a picture of a 
new kind of power plant, a nuclear 
power plant. It is the new Yankee 
Atomic Electric Power Plant in Rowe, 
Massachusetts. The heat energy used 
to produce the needed steam does 


not come from a combustible fuel but 
from a nuclear reactor. 


steam is pro- 


As we have seen, the nuclei of ura- 
nium atoms undergo fission in a nu- 
clear reactor. A chain reaction re- 
sults. Great amounts of heat energy 
are produced. How is the heat energy 
changed into electric energy in a 
power plant? 


Nuclear Power Plants 

Suppose the heat from nuclear fis- 
sion, instead of from coal or oil, could 
be transferred to the water in a boiler. 
It, too, could change the water into 
steam, steam that could then turn a 
turbine. The turbine, we know, would 
turn a generator to produce electricity. 
The diagram will remind you of the 
different steps in this process, © 

First, atomic nuclei are split inside 
the reactor, Uranium atoms are still 
most commonly used although atoms 
of other elements are also being used. 
Great amounts of heat are produced 
from the fission of the atomic nuclei. 


nuclear reactor 


The rate of fission is controlled, or 
regulated, by the control rods. 

Second, the heat is transferred to 
a pipe containing à liquid (often a 
liquid metal) under pressure. The 
liquid is pumped around inside the 
pipe, as shown. It carries heat en- 
ergy from the reactor to the boiler. 
The heat is then transferred from the 
hot liquid to the water in the boiler, 
changing it to steam. As the liquid in 
the pipe gives up heat to the water, 
it cools, returns to the reactor, and is 
again heated. 

Third, the steam produced is used 
to turn turbines. 

Fourth, these turbines turn a gen- 
erator that produces electricity. 

Fifth, the electricity can run motors 
or bring light and heat to homes. 
Small nuclear power plants can also 


steam 
turbine 


generator 


be used to generate electricity in sub- 
marines and for many other purposes. 

Thus, in the nuclear power plant, 
nuclear energy has been changed into 
electric energy. Nuclear power plants 
of this type are already in use today 
to provide electricity to homes and 
factories in several areas. 

The nuclear power plants are very 
heavily shielded to prevent dangerous 
radiation from escaping. The people 
working inside the plants are also pro- 
tected by careful shielding of equip- 
ment, and by other safety measures. 

The operation of these plants is 
proving that the energy locked up in- 
side the atomic nucleus can be used 
for peaceful purposes with safety. 

Energy can be changed from one 
form to another. In an ordinary power 
plant, what changes in energy take 
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place? First, heat energy may be ob- 
tained from burning coal. The heat 
energy is used to change water to 
steam. The energy of the steam, which 
comes from the energy of moving 
molecules, turns a turbine. The me- 
chanical energy of the turbine drives 
a generator which transforms me- 
chanical energy into electric energy. 

In a nuclear power plant, many of 
the same changes in energy take 
place. Moreover, the electric energy 
produced by using nuclear fission is 
the same kind as the electric energy 
produced by the burning of coal. But 
there is a very important difference 
between a nuclear power plant and an 
ordinary power plant. That difference 
can be seen in the diagramm How 
does the energy obtained from a 
pound of uranium compare with the 
energy obtained from over 2 million 
pounds of coal? 


Reactors in Power Plants 

At Shippingport (Pennsylvania Js 
Detroit (Michigan), Indian Point 
(New York), and Rowe (Massachu- 
setts), reactors are now in use in 
power plants that produce electricity 
for factories and homes in nearby 
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cities. It is expected that many other 
cities will soon be obtaining their 
power from nuclear energy. 

The reactors are, of course, better 
developed than the atomic pile shown 
on page 305. For instance, substances 
other than graphite may be used to 
slow down the neutrons, The uranium, 
instead of being placed in blocks of 
graphite, may be mixed with a liquid 
which, like graphite, slows the move- 
ment of the neutrons, Yet all these re- 
actors still need and use substances 
which serve the four main purposes 
with which you are familiar. 

l. A substance is needed which 
gives off neutrons as its nuclei split. 

2. A substance is needed which can 
slow down the neutrons just enough 
so that they can Cause other nuclei 
to split and give off neutrons. 

3. A substance is n 
trol the speed of this 

4. A substance is n 
a shield against escap 


eeded to con- 
chain reaction. 
eeded to act as 
ing neutrons. 


Nuclear Energy for Defense 
The great heat that is produced in 
nuclear reactors is now being used to 


provide energy to drive submarines 
and aircraft Carriers. 


Have you read accounts of the voy- 
ages of nuclear submarines, such as 
the George Washington or the Patrick 
Henry?® Have you perhaps seen pic- 
tures of the new nuclear aircraft car- 
riers with room for many, many 
planes? These nuclear-powered ships 
are a part of our country’s defense. 

In a nuclear submarine, a reactor 
provides the energy needed to turn 
the turbines, which turn the gen- 
erators; these then turn the propeller, 
which drives the submarine through 
the water. The engine of a nuclear 
submarine is shown on the next page. 

Because a reactor uses sO little ura- 
nium, the submarine can travel for 
thousands of miles on one supply. 


A submarine which obtains its energy 
from ordinary fuel, rather than from 
a nuclear reactor, would have to stop 
several times to obtain more fuel to 
travel the same distance. Nuclear sub- 
marines have gone around the world, 
as well as under the ice cap at the 
North Pole. They can travel great dis- 
tances under the surface of the ocean. 

Some of these nuclear submarines 
carry rockets that are fitted with nu- 
clear bombs, which can be fired while 
the submarine is still below the sur- 
face. Such rocket missiles are remote- 
controlled to hit a target many miles 
away. Nuclear submarines carrying 
rockets now can travel great distances 
in defense against attack. 
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In a nuclear reactor, the chain re- 
action is controlled. Nuclei after nuclei 
split, but at a controlled rate—that is, 
only a certain number of nuclei split 
at a time. In this way fission can go 
on indefinitely. A nuclear explosion, 
however, is an expanding chain re- 
action that happens very fast. When 
a nuclear bomb hits its target, the en- 
tire chain reaction is completed in a 
small part of a second. An unbeliev- 
able amount of energy is given off at 
one instant. That is why a nuclear 
bomb causes tremendous damage. 

The very power of nuclear energy 
may keep the world free of war. 
A nuclear war, with the nuclear power 
available today, could probably de- 
stroy every living thing on the earth. 
Because total destruction is so un- 
thinkable, it is hoped that war itself 
will become unthinkable. 


control 


f rods reactor 


generator 


steam 
turbine 


Nuclear Energy Against Disease 

The work of Marie and Pierre Curie 
has had great benefits. It has led, for 
example, to the control of radium and 
other radioactive substances, which 
have since been used in the treatment 
of cancer. 

A cancer is a growth of diseased 
cells in the body. A cancer gets in the 
way of the normal functioning of the 
healthy organs in the body. 

Because the radium nucleus is ra- 
dioactive (unstable), it breaks down. 
As it does so, it gives off radiations 
that can destroy some cancers, Nowa- 
days, radium and other radioactive 
substances are used in such a way that 
their radioactivity can be directed at 
any spot in the body, 

For instance, the patient shown in 
the picture is being treated in a hospi- 
tal. The big machine uses a piece of 


atomic submarine 


radioactive substance; but in this case, 
the substance is not radium, but radio- 
active cobalt. The nuclei of the radio- 
active substance send out atomic ra- 
diations. In other words, the machine 
is a kind of radioactive gun. When the 
radiation from this radioactive gun is 
aimed at a cancer, the radiation can 
be made strong enough to destroy 
cancer cells without causing great 
harm to healthy cells nearby. 

Radioactive substances are now be- 
ing used not only to treat disease but 
also for many kinds of medical tests. 
The advantage of using radioactive 
atoms in testing is that the path of 
these atoms through the body can 
easily be traced with the use of a 
Geiger counter. 

Here is how one such test works. 
Your thyroid gland absorbs iodine 
from your blood. If this gland becomes 
diseased it may absorb iodine too 
slowly or too quickly. To test whether 
this is so, a person is given a tiny, 
harmless amount of radioactive iodine. 
How long it takes for the thyroid gland 
to absorb the radioactive atoms is 
determined with a Geiger counter. 


BEFORE 
you GO ON 


More and more often, nuclear reac- 
tions are being used. They are being 
used to give us electric energy for 
home and industry and to operate 
ships and submarines for military pur- 
poses. As you have seen, they are also 
being used to treat disease and to 
make various kinds of medical tests. 

Nuclear energy has become one of 
the most powerful servants to work 
for us. In nuclear energy there is a 
great promise for an even more re- 
markable future—if it is used wisely. 


This time, to fix the concept of nuclear reactions and the 
uses of nuclear energy in your mind, begin a book of your 


own entitled: The Nuclear Age. You might use an ordinary 
loose-leaf notebook. Divide the notebook into at least five 
parts. You may want to have more parts in it later on. The 


five parts may be: 


a. The Uses of Nuclear Energy in Health 
b. The Uses of Nuclear Energy in Industry 
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c. The Uses of the Atom as a Source of Energy (for 
Heat, Light, Electricity) 

d. The Uses of Nuclear Energy in Space Exploration 

e. The Uses of Nuclear Energy in Military Operations 


Under each section, you can keep records of any new ad- 
vances in the uses of nuclear energy. Where will you get your 
material? Here are some possible sources: 


1. Newspapers (you may wish to paste in clippings or to 
write your own reports). 


2. Magazines; 


3. Reports on television or radio. 
You may find many other sources of material as well. New 


uses of the atom are being developed so fast, it is very helpful 
to keep an up-to-date record of them. 


Perhaps you and your classmates may decide to work on 


one book together. 


5. The Main Concept: 
Particles of Matter 


Man’s early understanding, or con- 
cept, of the composition of matter has 
changed. 

Before the early Greeks (more than 
2,500 years ago), people thought that 
all the things about them were made 
up of fire, water, air, and earth. Some 
of the early Greeks thought the same. 

The Greeks went further, however. 
Leucippus and his pupil Democritus 
developed the idea that all matter was 
made up of atoms, atoms that were 
invisible and indivisible. How else, 

Democritus asked, could we explain 
what would happen if we kept divid- 
ing a piece of copper until we reached 
the very smallest particle of copper. 
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That tiny particle he visualized (imag- 
ined) as an atom. 


However, neither Leucippus nor 


Democritus investigated atoms. Their 
idea of the atom was a result of their 
thinking only, and was not based on 
any investigations in the laboratory. 

Since the time of Democritus, many 
scientists have searched for a more 
complete understanding of the com- 
Position and behavior of matter. There 
were many scientists who contributed 
to this understanding. Among them 
were Robert Boyle, a Scottish scien- 
tist; Joseph Priestley, an English min- 
ister; Antoine Lavoisier, a French sci- 
entist. There was John Dalton, an 
English school master, who did his 
work early in the nineteenth century. 
He investigated many different com- 


pounds, including water. He, too, ac- 
cepted the concept that the atom was 
tiny and invisible and, furthermore, 
that it was indivisible. His work was 
based on investigation that was limited 
by a lack of equipment. 

Then came Madame Marie Curie, 
who found, by investigation, that an 
atom of radium is not indivisible, that 
atoms of radium decay (break down), 
and give off particles smaller than 
atoms, Other scientists began to find 
that the same was true of other atoms; 
in short, they confirmed the concept 
that the atom was made up of smaller 
particles. 

Technologists helped develop ways 
to investigate atoms and their sub- 
atomic (smaller than atoms ) particles. 


“Seeing” Atomic Particles 

Have you ever seen a jet airplane 
flying very high in the sky? It leaves 
a track of frozen moisture (vapor 
trails) in the cold atmosphere. 

Charged atomic particles leave a 
kind of cloud in a Wilson cloud 
chamber, as shown. E Particles from 
an atom pass through invisible vapor, 
and the vapor condenses to give a 
cloud-like trail along the path of each 
particle. In this way, the particles 
leave a clear record of themselves, as 
shown in the picture.® The tracks dif- 
fer for each kind of particle, whether 
proton, alpha particle, or electron. 
Scientists have studied the way par- 
ticles move in this cloud chamber (in- 
vented by Charles Wilson in 1911) 
and have discovered that they can 


clouds from alcol 
cooled by dry i 


\ 
tracks 
made by 
atomic particles 


radioactive 
substance 


name the different particles by the 
way they move and by the curvature 
of their paths. 

There are other ways of detecting 
atomic particles. They have been 
studied as they were hurled at high 
speeds from a cyclotron and as they 
were produced in atomic piles and 


reactors. 
The old concept of the atom as in- 
visible and indivisible had to be 


changed. It has been replaced by the 
@ 
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new concept of an atom that is made 
up of subatomic particles—electrons, 
protons, and neutrons. 

Niels Bohr, a Danish scientist, 
defined the new concept. This con- 
cept describes the atom as having 
most of its weight concentrated in 
the nucleus—in its protons and neu- 
trons. Moving around the nucleus are 
electrons. The electrons are some- 
times described as being in orbit 
around the nucleus, as planets are in 
orbit around the sun. Some scientists 
picture the electron orbits as clouds 
about the nucleus. = The darkest 


areas show where the electrons are 
most often located, 


The atom is a source of tremendous 
energy. Because the nucleus of the 
atom is divisible, fission can take 
place. The energy released by nuclear 
fission of uranium, for example, can 
be harnessed to serve man. 

Energy released by nuclear fission 
is far greater than energy released by 
chemical changes in matter, such as 
the burning of fuels. Man’s new con- 
cept of the atom as divisible makes 
it possible for him to control this vast 
energy from fission for his own uses. 

Nuclear energy from another source 
has been serving man as long as he 
has been on this earth! This is tl 
ergy from nuclear fusion ( 
in the sun. Nuclear er 
sun lights the earth 
plants with the en 
make food. That e 
forms of life. 


he en- 
fy60’zhon) 
nergy from the 
and supplies green 
ergy they need to 
nergy supports all 


You will read more about nuclear 
fusion in Unit Nine; but first let us find 


out more about life, and living things, 
here on earth. 


Fixing the Main Concepts 


TESTING Test your understa: 
YOURSELF unit by doing these 


accept? 


a. An atom is indivisible, 
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nding of the im 
problems, 


Portant concepts in this 


b. An atom is divisible. 


2. Below are two statements on the structure of matter. 
Which would you accept as being more accurate? 
a. The smallest particles of matter are molecules and 
atoms. 
b. The smallest particles of matter are protons, neu- 
trons, and electrons. 


3. What are some of the problems in building a nuclear 
reactor, and how have they been solved? In vour notebook, 
report how some of these problems have been met. 


4, Which of the following would you consider to be a cor- 
rect model of an atom? ® A Can you explain why? Draw the 
correct atom model in your notebook. Next to the model, ex- 
plain why its structure seems correct. Explain, also, why you 
have not chosen the other atom. 


(@) (@) 


5. Which of the following models of an atom is cor- 
rect? è * As in problem 3 above, draw the correct model in 
your notebook, and give the reasons for your choice. 


9p 
8n 
4 8e * 9e 


6. A sodium atom has an atomic weight of 23. It has an 
atomic number of 11. In your notebook, draw a model of the 
sodium atom showing the number of protons, neutrons, and 
electrons in it. Use the symbols for these particles that are 


used in the models of the atoms above. 
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QUICK TEST 


Element 


oxygen 


1. Copy the following table in your notebook, and fill in 
the missing information. E You should be able to figure out 
the missing information from the information that is already 
given. If you need help, read again Section 1 of this unit, 
which describes the structure of the atom. Compare your fig- 
ures with those from a reliable source. 


Atomic 
weight 


Atomic 
number 


Protons Electrons Neutrons 


sy 
| 
16 
27 Asie 13 + 
SI 
| 
a a 


nitrogen 14 7 | 
sulfur 32 

aluminum 

copper 64 

iron 56 

uranium 
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238 92 


2. In your notebook, draw a mo 
atoms listed in the table, and 
neutrons, and electrons in it. 


del of one of the last three 
show the number of protons, 


k for the answer į 
of elements on page 291. Sii 


4. Suppose the nucleus of an alu 


so that its atomic number would be lowered by one. What 


element would be produced? To answer this, you will again 
need the table of elements on page 291. ? 


minum atom lost a proton, 


FOR YOUR 
READING 


5. Some of the statements below are correct, but some are 
not. When you find a statement that is incorrect, decide how 
it can be changed to make it correct. Write the correct state- 
ment in your notebook. 


a. An atom is made up of smaller particles. 

b. An electron is heavier than a proton. 

c. The atomic weight of an atom is equal to the sum of 
its protons and neutrons. 

d. In an atom the number of electrons is equal to the 
number of neutrons. 

e. In an atomic pile or reactor, fusion takes place. 

f. In the sun, fission is the source of energy. 


1. Giant of the Atom: Ernest Rutherford, by Robin 
McKown, published by Messner, New York, 1962. 

Lord Rutherford made many important discoveries about 
the structure of the atom. For an interesting biography of 
this famous scientist, read this book. 


2. Atoms, Today and Tomorrow, by Margaret Hyde, pub- 
lished by McGraw-Hill, New York, 1959. 

This book tells about the uses of nuclear energy today in 
medicine, industry, and farming. It also describes plans for 


future uses of nuclear energy. 


3, Atompower, by Joseph M. Dukert and John T. Gorsuch, 
published by Coward-McCann, New York, 1962. 

For further information about nuclear reactors, this book is 
helpful. It shows that although new types of reactors are being 
designed today, all reactors still have certain basic things in 


common. 
4. The Curies and Radium, by Elizabeth Rubin, published 


by Watts, New York, 1961. 
This is the story of the famous husband and wife team and 


of their important work with radium. It also tells about the 
work of their scientist daughter and her husband on radio- 


active substances. 
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ON YOUR OWN 
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sodium and chlorine 


charged atoms are called 


ery small it must be. 
ur cheek were enlar 


our cheek is than 
an atom? 

Can you think of other ways of describing or showing how 
very tiny atoms are? 


A Concept of Mass-Energy: A New View 


In the world around you are so 
many different things. In the sea are 
fish and huge crabs, snails and jelly- 
fish, sand and coral, and mountains 
poking their heads above the water 
to make islands. On land there are 
rocks and houses; rabbits and horses; 
mountains, hills, and valleys. In the 
air are airplanes, birds, and clouds. 
In outer space are stars and planets; 
moons and other satellites; meteors 
and dust. In your room are different 
objects such as paper, paper clips, 
rubber bands, erasers, chairs, and, 
perhaps, a desk. 


“The world is so full of a number of 
things, 

I'm sure we should all be as happy 
as kings.” 


Our world does have a large num- 
ber of things, as Robert Louis Steven- 
son wrote. Are all these things quite 
different from one another, or are 
there hidden likenesses, or relation- 
ships, among all these objects? 


A New View of the World 

You know by now that all matter— 
whether in chairs, canaries, air, water, 
planets—is made up of particles. A 
substance such as water, for example, 
is made up of molecules. A molecule 
of water is the smallest part of water 
which is still water. If the molecule 
is broken down, it divides into atoms 
of hydrogen and oxygen. A substance 


such as oxygen, made up of only one 
kind of atom, is an element. 

Atoms of most elements can com- 
bine to form compounds. Atoms of 
hydrogen and oxygen, for example, 
combine to form the compound water. 
Rust, or iron oxide, is a combination 
of atoms of iron and oxygen. All 
around you, then, is a world made up 
of elements and compounds or mix- 
tures of elements and compounds. For 
instance, seawater is a mixture of the 
elements and compounds shown in 
the chart.A Which of these sub- 
stances are elements? 

Everything in the world, living and 
nonliving, and all the elements and 
compounds in them are made from 
some of the 103 different atoms. Im- 
possible? Well, the 500,000 or so 
words in the English language are 


ONE CUBIC YAK 
OF SEA WATER CO 


730 ounces of salt (sodiu 
32 ounces of magnesium ani 


10 ounces of calcium and its 
9.5 ounces of potassium and its 
1.6 ounces of bro 
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made from only the 26 letters of the 
alphabet. With 103 kinds of atoms, 
then, it is possible to make millions 
upon millions of compounds. 

If we probe further, we find more 
hidden likenesses in matter. When we 
study atoms with scientific instru- 
ments, we find even smaller particles. 
On page 289 you saw that the atoms 
of oxygen, iron, nitrogen, and carbon 
are all made of the same smaller parti- 
cles—electrons, protons, neutrons. 

All the matter about us, then, 
whether in the form of rabbits, dia- 
monds, or people is made up mainly 
of three kinds of particles—electrons, 
protons, neutrons. We can sum up the 
hidden likenesses in matter in the 


great concept: All matter is made up 
of particles. 


Changing Matter into Energy 
What more do we know about mat- 
ter? We once thought that matter 
could be changed from one form to 
another but could not be created or 
destroyed. It is true that ina chemical 
change, matter is neither created nor 
destroyed. This concept holds for any 
chemical reaction like the reactions 
that you know about. For instance, 
when carbon and oxygen combine to 
form carbon dioxide, the chemist 
writes: 
c +0, C0, 
1 atom + 2 atoms > 3 atoms 
3 atoms — 3 atoms 
The number of atoms of carbon (C) 


and oxygen (O.) that go into the re- 
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action is always the same as the num- 
ber of atoms in the molecule of carbon 
dioxide that is produced. E 

Whenever substances take part in a 
chemical reaction, their atoms are 
neither created nor destroyed. The 
same amount of matter that goes into 
the reaction comes out of the reaction. 
In a chemical reaction, the total 
amount of matter remains the same. 

A nuclear reaction, however, is dif- 
ferent from a chemical reaction. In a 
chemical reaction only the electrons 
around the nucleus take part. But in 
a nuclear reaction, the nucleus itself 
is changed. A nucleus may split, and 
some of its matter be lost. Or two 
nuclei may join; again, 
is lost. The nucleus may lose or gain 
particles, In either nuclear reaction, 
some of the matter from a nucleus 
may be changed into e 

If you burn 


some matter 


nergy. 

a log, which is a chemi- 
cal change, the energy stored in the 
log is changed into heat energy and 
light energy. The energy is changed in 


form, but the total amount of matter 
remains the same. 


Ina nuclear reaction, on the other 
hand, some matter is changed to en- 
ergy. Very 


careful measurements and 


experiments have been carried out by 
teams of scientists. Countless calcula- 
tions h 


ave heen done 
case, these show that 
mass (amount of matter) has “dis- 
appeared.” This matter is not lost; 
it is changed into energy. In de- 
scribing a nuclear reaction, therefore, 
we introduce a new concept: In a nu- 


and, in every 
some of the 


| 


clear reaction the total amount of 
matter and energy remains the same. 
To show that matter (mass) can be 
changed into energy, scientists Now 
often use the following term for both: 
mass-energy. 

In the fission of a uranium nucleus, 
for example, some matter is changed 
to energy. When even a tiny bit of 
matter is changed to energy, huge 
amounts of energy are produced. This 
is what Einstein meant when he wrote: 


E = mc? 


Think of this formula as a sentence 
in which E stands for energy. M stands 
for mass that is lost. ¢ stands for the 
speed of light which is, as you know, 
186,000 miles per second. œ is this 
number multiplied by itself—a tre- 
mendous number! In a formula, the 


CO: 


two sides balance. Since c? on the 
right side is such a huge number, E 
on the left side must also be huge, 
even if m is very small. 

Our concepts today of the way mat- 
ter and energy behave may be 
summed up as follows: 

In a chemical reaction, matter can 
be changed in form, but the total 
amount of matter remains the same. 
Energy can be changed in form and 
transferred from one place to another, 
but the total amount of energy re- 
mains the same. 

Ina nuclear reaction, matter can be 
changed into energy, but the total 
amount of mass-energy remains the 
same. 

This last important concept of the 
way matter and energy behave will 
guide your future work in science. 
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(Text pages 324-63) 


CONCEPT (Sections 1-4) 

The characteristics of a living 
thing are laid down in a genetic 
code. 


CONCEPTUAL SCHEMES 


A living thing is the product of its heredity and 
its environment. 


Living things are in constant change. 


Unit Eight 
CODE OF HEREDITY 


tics are transmitted from eee 
tion to generation, They also become aware of the role of environmen 
in the development of traits, and how mutations (new traits) ARP a 
which breeders and growers can develop according to concepts % 

redity that scientific investigation has made clear, 


Note to the teacher. It will he 
two conceptual scheme 
tive scheme; th: 


ith 
seen that this unit is concerned a 
S. These schemes are meant to serve the Vesti 
at is, the purposes of education, It is true that the aes 
ptual scheme should be carried through the aaa 
of the pupil as he Progresses from grade to grade, and yet the concep a 
scheme should be developed in harmony with the pupil's ee ne 
ther, the experiences underlying the development ofa conceptual Ba e 
should be within the scope of the general sensory experience availa 
to the pupil. 

The pupil can deal with e 
redity and environ 
lead to uncoverin he 
the conceptual sc ve and he can deal effectively with t a 
concept that is stated for the first four sections: The characteristics ° 
living thing are laid down in a 


3 on of be 
xperiences relating to the interaction 
in short, de 


ile 
á Banisms over the ages- Je- 
perience can h 
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The concept is important to an understanding of the way our world 
works, In other words, with elementary school children, experiences un- 
derlying an understanding of mutation are difficult to come by. Never- 
theless, it will be apparent that the concepts for Sections 5 and 6, 
Changes in the genetic code produce changes in living things, serves 
the conceptual scheme: Living things are in constant change. 

You may recognize that the term change, as used in discussing the de- 
velopment of living things, means that more complex organisms have 
evolved from simpler organisms during the two-or-more billion years of 
life forms on earth. It also means that some organisms have not survived 
because their ability to adapt did not keep pace with a changing environ- 
ment. Change is related to the interdependence of living things and their 
environment, whether favorable or unfavorable. Our present-day biologi- 
cal forms have evolved because of their ability to survive in changing en- 
vironments. The mechanisms of biological evolution are based in complex 
understandings of the interaction of heredity and environment. Why any 
organism exists today—why we exist—is rooted in many biological changes 
and adaptations, If this understanding is firmly grasped, the use of the 
at this point in the student’s development. 
o living things. In the final unit of this 
Jear that the universe is undergoing 
evolving. The term evolution 
and may have value 
ay the world works. 


term evolution may have value 

Change of course is not limited t 
textbook, it becomes increasingly ¢ 
Constant change—that is, the universe is also 
is therefore applicable to the changes in the universe 
in the student's appreciation of the concepts of the w 


A VIEW OF THE UNIT es 

f Phere are few concepts in science that have more important implica- 
tions and applications than those flowing from studies in genetics. They 
bear closely on the riddle of life itself and certainly help explain the in- 


nite variety of living things, their success Or failure in adapting to 
generations. Since man has 


hanging environments, and the continuity of 3 3 
4 structure, his brain, that is peculiarly adapted to understanding and in- 


terpreting the objects and events in the universe, the implications of the 
©Oncepts of heredity have particular importance to him, They have im- 


Portance to individuals as well. How are your pupils going to make the 
est use of their inherited characteristics? This is the long-range prob- 
Jl be encouraged to give 


ri that each pupil studying this unit may we 
Ought to, 
Plants may be reproduced from a 


orde: 
raeg to preserve in the offspring a aie 
Plant. Or plants may be grown from seed with some of the characteristics 


rom each parent appearing—or not appearing—in the plant offspring. 
ped effects were known long before the Augustinian monk from Brno 

Austria (now Czechoslovakia ) performed his carefully controlled ex- 
Periments on the inheritance of pea plants. This is the background of 


Cone ae : 
nCeptual understanding pupils are given m the first section. 


single parent, as with the potato, in 
Il the characteristics of the parent 
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TEAC: 
ACHING SUGGESTIONS 


A Preview of the Concepts 


Additional Background 


Section 2 presents the historical development of concepts of — s 
from Mendel’s original experimentation and carefully Srni PONA. 
ords of over 10,000 pea-plant crosses to the present-day concep A a 
the large protein molecule that scientists believe is the key to sipil, 
mission of traits from parents to offspring. As you work with your sae 
you may well wish to stress that much work needs to be done in Jael- 
areas, and that present concepts may be revised or new concepts 
oped. At present, there are some good explanations. , . 

The pupils text for Section 2 does not go beyond the F, (first filial La 
eration. All the daughter plants of Mendel’s crosses of tall and shor P 
plants were tall. This explains the concept of dominance, but a 
explain sorting of dominant and recessive genes in the Fp (secon Aing 
generation. The teaching suggestions for this section carry the s pe 
of genes (all tall plants) to this next generation, so that you may, 1 Tio 
wish, demonstrate the 3:1 ratio of tall plants to short, or the 1:2:1 sen 
of pure tall : hybrid tall : pure short plants. Unfortunately, for a ie 
traits, things are not so simple. Scientists, after Mendel, who studie ile 
heritance, found that several traits appear to be linked, and the po al's 
combination of traits is considerably multiplied, However, Men 


ion by 
basic concepts still hold, and the pupil builds on a secure foundation 
studying inheritance of į 


ayn ogen, 
taining nitrogen, carbon, hydrog 


refer 
yourself, we suggest ae 
» in the latest edition pu 


> on- 
this background to present and develop the ar 
cepts, but you may be i 
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The sperm cell and the egg cell, however, each have only one of the pair 
of chromosomes (23 chromosomes). On fertilization, the egg has one 
from each parent. The resulting body cells of the offspring then have 
the normal 23 pairs for its body cells. This perhaps helps to explain 
the sorting of traits in the DNA model on page T-162. 

The methods of reproducing plants so that the new plants retain all 
the traits of the parent organism are interesting. The pupil’s text men- 
tions grafting, in particular, and the teaching suggestions mention root- 
ing of cuttings. There are, of course, other ways. Many plants are self- 
pollinating. That is, if pollen falls from the stamen to the pistil of the 
same flower, the offspring have the same traits as the parent plant. Straw- 
berry plants reproduce by runners; fleshy roots and other underground 
parts of such plants as peonies, perennial poppies, rhubarb, dahlias, 
horseradish, iris, and so on, can be broken up and planted, each bit 
of the parent organism producing a new plant with all the traits of the 
Parent. Rose plants with identical traits can be propagated by layering; 
that is, by burying the end of a long shoot in the ground until it sends 
Out roots to nourish a new plant from the moisture and minerals dissolved 
in soil water, Certain types of begonias, sedums, and African violets 


(Saintpaulia ) can be rooted by leaf cuttings. Some of these ways, if you 
hool or classroom, may be interesting to de- 


have the facilities in your scl 
see pages 156-60 of 


velop with the class. For details in care and handling, 


A Sourcebook for the Biological Sciences. 
The unit illustrates once again the close teamwork between the scien- 


tist, who is seeking concepts, and the technologist, in this instance the 
plant grower or the animal breeder, who applies the concepts. If, at the 
end of several weeks of study on the interaction between inherited traits 
and the environment, your pupils acquire an understanding of the basic 
Concepts and see how they apply to their own growth and development, 


Count yourself fortunate. 


SUPPLEMENTARY AIDS 
All the films and filmstrips listed are in color, unless otherwise indi- 
Cated. Most of the visual aids are rated as junior high school in conceptual 
ifficulty; however, they have many useful sections. A preview is sug- 
Bested as desirable so that the more suitable parts may be used to rein- 
Orce concepts, Names and addresses of the distributors and suppliers are 
On page F-26, 
F.A. Flowers are the part of a 
prove plants, botanists control 
duce a superior strain. 
(Intermediate) 


F 
iners and Their Purpose (14 min., sound), 
p ant that lets it produce its own kind. To im 
Pollination between especially healthy plants to pro 


), F.A. Through crosspollination, graft- 
i althier, better tasting, and 
(Intermediate) 


Ühe hiur 
na Fruits of Plants (12 min., sound 
8, and budding, man is constantly producing he 
etter appearing fruits. 


TE 
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Films 


i ik ike, not 
The Mechanism of Inheritance (14 min.), McGraw-Hill. Like Tee ia T 
by pure chance, but by complex mechanism. Deals with the inherita 


á ct of 
color in plants; crossbreeding of pure plants, blend of color, eer 
dominant and recessive genes. (Ju 


, ai pes 
Heredity (11 min., black-and-white), E.B.F. Explains the transmission o 


A il i i j istics of animals. 
reditary factors responsible for inherited characteristics of ar (Junior High) 


Filmstrips How a Plant Makes Food ( 
i 


sunlight is for growth of 
stores its food. 


ar 

42 frames), McGraw-Hill. Explains how PER 
ry $ at makes 4 

plants; a plant is like a factory gA ediate) 


an 
Man Improves Plants and Animals (37 frames), McGraw-Hill. Shows soho AN 
ways we benefit from plants and animals, and the ways in which ma High) 
improved them for his purposes, (Junior 
Heredity (48 frames), McGraw- 
parents; also why there c 
Mendel’s law, development 


ir 

Hill. Explains why offspring on 

an be differences; shows experiments gin 
of hybrids; causes of mutations. (Junior 

Gregor Mendel (50 frames), E.B.F. Dr. 

plants to determine how characteristi 

crosspollination; de 


. vith 
awings tell of Mendel’s pi ee i 
cs of parent plants were inherited; 
velopment of hybrids, Explains Mendel’s g ani 


elop- 
Science Reading Table Titles starred (°) are considered as especially suitable for the deve 


s of the 
z o 

ment of concepts. Other titles have many useful sections. Addresses 
publishers are on page F-24, 


°All About Heredity by Judith Randal 


; tion 
» Random House, 1963. An introduc 
to the science of g 


; ith gar- 
enetics, from Gregor Mendel’s first paimen W prame 
test discoveries about DNA. Part I is entitled ie at dates 
work of Heredity.” Part II, “Revolution in Biology.” A list of importar 


s 
in genetics summarizes the content of the book. Remarkable ee 
supplement the narrative, (ady: 


(Eas 


A dre 


Clymer, Basic Books, 1962: a long 


e ancestors of m 


Average) 


pe 


Mangrove Island by ters A 


y Marjory Bartlett San 
scribes the birth and growth of 
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A Million Years of Man by Patrick Lynch, St. Martin’s Press, 1959. Traces the 
history of the earth billions of years ago—from protozoa to prehistoric man. 
Includes simple explanations of astronomy, geology, zoology, and anthro- 


pology. Also illustrates the major concepts of how living things evolved. 
(Advanced) 


°Plants in His Pack by Janice J. Beaty, Pantheon Books (a division of Random 
House), 1964. The story of Edward Palmer, a scientific collector. He devoted 
his entire life to gathering plants, animals, birds, and Indian artifacts in the 
American West and Mexico. He collected more than 100,000 different plants 


for museums and universities. His far-flung adventures make interesting 
reading. (Advanced) 


°The Wonders of Seeds by Alfred Stefferud, Harcourt, Brace & World, 1956. 
Narrates how seeds sprout and grow into plants which flower and bear fruit 
filled with new seeds. Describes many kinds of seeds and their special char- 


acteristics in the cycle of growth. (Average) 


The Story of Life: Plants and Animals Through the Ages by Peter Farb, Harvey 
House, 1962, Outlines the story of the ways of living developed during the 
past billion years. Answers questions such as “How has the incredible abun- 
dance and variety of life come about?” and “How do we know?” Drawings 
of remarkable precision supplement the story. (Average) 


> INTRODUCING THE UNIT 


How have you changed since you entered first grade? How are you 
still much the same? Probably most pupils will stress the changes. 
Suggest they look in a mirror. Have your eyes changed? your ears? 
nose? mouth? But you're right, you have changed. What new charac- 
teristics have you acquired? How are you (a boy) different from another 

Oy in the class? How are you (a girl) different from another girl? Are 
Some of these differences inherited from your parents? Are some ac- 
quired from the environment—from people around you, or from the kind 


of food you eat for lunch? 
In this unit, the pupils will inve 
E heredity—what they are born wit 
eir development. Tell them so. A 
Seem to follow a pattern of growth and development, so 
Plants and animals chiefly. It is important that a sensitive pupil will not 
Withdraw because he feels he will be the subject of discussion. 


stigate genes, the basic determiners 
h, and how environment may affect 
lso tell them that all living things 
we will study 


Section 1: A “CHIP OFF THE OLD BLOCK” 


Through direct observation under controlled conditions, the pupils 
egin to see that heredity and environment interact in determining the 
Srowth and development of an organism. 


TE 
ACHING SUGGESTIONS nes 


(Text pages 326-32) 


SUBCONCEPT 
Inherited traits 
environment. 


interact with t 


Processes emphasized 


Observation 

Design of an investigation (with 
experiment) 

Hypothesizing 

Theorizing 

Building of theoretical models 

Analysis of models 

Prediction 

Library research 


Some plants can reproduce new 
plants from a part of themselves. 


Equipment and Materials 
See text page 327; also the 


Teacher’s Manual for Classroom 
Laboratory 6. 


The cells in the offspring of only 
one parent will carry in its chromo- 
somes (tiny bodies within the cell 
nucleus) determiners for the traits 
of the parent. 


Introducing the Concept 

What plant foods did you eat today? This question will at first seem 
to underline the obvious. But what about cereals, which perhaps only 
the more alert pupils will mention? Did you eat pie or cake, or drink 4; 
glass of ginger ale? Which plant foods are grown from seeds? Which 
usually in another way? (Potatoes, apples, and some other fruits by graft- 
ing.) Why are these two methods used? Accept, for the moment, any 
reasons offered; but suggest that seed catalogs and books about plants 
may provide an answer. 

Hold up a piece of potato with only one “eye.” Could you grow a tew 
potato from just this much of one? What kind of potato would you get 


Will it be the same or different from the parent plant? If you plant 4 


seed, do you always know what kind of plant to expect? Red flowers OF 
white? Tall plant or short? Again 


withhold comment, but permit forming 
of hypotheses which will be explored in this and the following section. 
Is heredity more important th 


a f 
an environment in the development © 
a plant? Is this also true for an animal? 


Developing the Concept 
New plants from one parent. The i 


need to supply it ener 8y to grow through the soil? (Starch.) Which simple 

test demonstrates that a potato contains starch? (Iodine solution joe 

starch a bluish black.) Several pupils may wish to demonstrate, usiné 

bits trimmed from the piece cut down to the “eye,” By planting 
. ra 


Chromosomes f the chrome 
some seems to be responsibl 3 ) oles by being a 
: n 
cope can genes be see? anil 
tudied in Section 2, it 18 


pity 
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same? Which traits make potatoes good for baking? for mashing? Do 
you think these traits are the result of inheritance or environment? 

Traits—inherited or acquired? Recall of the work done in Unit One 
may be beneficial. How did you learn to walk? Throw a ball? Read a 
book? Learn to study? Were you born with these abilities? Would you 
say inheritance or environment had the most influence in developing these 
traits? Since the potatoes have not yet poked through the ground in 
the investigation, what acquired traits do you think you will observe 
in your potato plants as a result of changes you made in the environment 
of each piece planted? If any pupil should say Our book said so,” en- 
courage adoption of a wait-and-see attitude. One trial is not proof. How 
could you write a formula for the concept showing that heredi and 
environment work together to produce the traits in an organism: 

(H + E =O; i.e., Heredity + Environment = Organism.) , 

New plants from two parents. This method of growing poton Ee 
ferred by professional potato growers because the new plants wi mim 
the characteristics of the parent plant and also because potato P ants 
set very few seeds, Many foods you listed from your diet ( oe ucing 
the Concept”) cannot be grown in this manner; most food plants are 
Brown from seeds. ae 

Have the pupils study the diagram as they read pe ionty n a 
a flower (text page 330). If — iin have pupi g 
~flowers for observation of all the reproductive i 
emale parent: o or more stamens, ta i F, the 
for aie princes these o ne a make possible inheritance of 
traits from two parents? (Pollination. ; 

The plant el Split open a few whole peanuts S Terea 

eshy halves, you can see the beginnings of a B Ja Laow? (Each 
embryo, What will the embryo grow into? How do you ; i l 
new cell nucleus carries chromosomes from the ier en — 
Part determines the traits? (Genes.) From your sua a tue ane 
Where do you think the embryo gets its energy to go bs s: gon m 
From starch stored in the fleshy halves.) If you G peal 
Peanut seeds, or lima bean seeds, will all the plants 00 pret pa pa 
alike? Let the children state their hypotheses in preparatı 

next section. 


Extendin ant 
akin p ae a different seeds. — a pa in a 
he quick-growing type is to be preferred, suc ko radishes, ‘ s 
zinnias, marigolds, sunflowers. Note how the seeds i # ee S ape, 
and color, To fest that an organism is the product o its heredity 
owing seeds under different environ- 


environment yi 
, children may try & ; i 5 
Mental conditions—different soils, differing amounts of light, different 
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TE, 
ACHING SUGGESTIONS 


Heredity and environment work to- 
gether. 


A seed plant is the product of a 
cell carrying traits from two parents. 


Equipment and Materials 


... flowers, such as jonquils, to 
show seed-forming parts 


An embryo contains the beginnings 
of a new organism. 


Equipment and Materials 
..plant parts for vegetative 
propagation 
. . variety of seeds 
... soil and containers 
. - pollen 
. . sugar 


(Text pages 331-32) 


(Text pages 332-35) 


SUBCONCEPT 

The DNA molecule carries in its 
Parts (genes) the code that deter- 
mines the inherited traits of an or- 
ganism. 


Processes emphasized 
Analysis of data 
Observation 
Measurement 

Library research 
Development of models 
Analysis of models 
Consultation with experts 


amounts of water. This investigation will be useful as concepts are 
developed in later sections of the unit. ; 

Vegetative propagation. Pupils might like to try different ways of getting 
new plants from one parent. Refer them to text page 332. Sweet potatoes 
or yams may be tried. A mint sprig roots easily, but the water should 
be changed every few days to prevent fouling. A pupil may demonstrate 
one of several methods of grafting. 


Pollen. A pollen grain falling on a pistil grows a pollen tube, which 
extends to an eg! 


g cell in the ovary. This must happen for the egg to be 
fertilized so that a seed can form. One class grew pollen tubes from 
Easter lily pollen. They tried different solutions of sugar water until they 
found one in which the tubes grew large enough to be seen with the 
unaided eye. Your pupils may wish to devise a similar investigation. 

Do all seed plants have the same number of seeds in the ovary? Is there 
gement? Is there any relationship between the 

number of petals or other flower parts? How many seeds come from 
an apple blossom? a lily? a sunflower? Direct observation where Po 


sible, coupled with library reference, makes an interesting investigation 
the source of a useful report, 


Reviewing the Concept 
Before You Go On. A. loa 


5 vut 
Using What You Know. 1, They use pieces containing at least one eye bd 
from the type of potato they harvest. 2, Pupil’s hypothesis for later testing 


2a 3a 4b 5a 6b Tb 
Section 2: INHERITING TRAITS 


w 
tTmine whether the tra; i in a ne 
organism. traits will appear 


Introducing the Concept 
i you planted seeds for red petunias and white petunias ee 
Wart zinnias and tall zinnias in your garden, carefully saved some ° 

the seeds, and planted them th i : 


d 
G all re 
petunias from the red-flowering pl a yea Would yon an 


you have o 
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For years these questions baffled scientists because they noticed that 
offspring sometimes resembled one parent, sometimes both, and some- 
times neither. Then a curious Austrian monk, Gregor Mendel, had a 
hypothesis and a design for an experiment that had not been tried be- 
fore. He would select one trait and study its appearance through several 
generations, He used his eyes and his knowledge of mathematics as 
tools, and his garden as a laboratory. Although he never saw a chromo- 
some nor heard of genes, the laws of heredity he worked out still stand; 
he founded a new science. 

What determines the hereditary code of an organism? 

As the pupils read the text of the section, encourage them to relate 
it to the hypotheses they may have formulated above and at the end of 
Section 1. 


Developing the Concept o 

Mendels laira design. The story of Mendel’s work as it is 
presented in the text offers a good opportunity for reviewing the methods 
by which scientists arrive at concepts (see, in review, Section 5 of Unit 
One). What do you suppose Mendel’s_ hypothesis was? (Perhaps—a 
Single trait is passed on to the offspring. ) What was his design for the 
€xperiment? (Find one trait and cross it with the opposite Batt to see 
if half the plants will have one trait and half the other.) What were 
his results? (All one trait—tallness.) How might Mendel have restated 
his hypothesis? (When opposite traits are crossed ina piant, a 4 
inant one appears in the offspring. ) Some pupils may t : = e i 
new hypothesis might be that the dominant trait is the on a Fa 
herited. How do you think Mendel went about testing this mip ypothe- 
sis? What would you have done? Let the pupils think about this ques- 
tion, which you will explore more fully in the next section: r 

Three terms are important: pure, dominant, and een mela 
Pils may be aided by the derivation from the Latin = kg -a 
— or withdraw, and dominare, a ae a out. Hov 
these meanings apply to recessive and domman ; f 

“The min ree Again, in Gregor Mendel, we see wie bel te 
Come to the mind prepared. Mendel had broad ant ph m E ara 
anid biology for his time. Were these abilities inherite or aeq i pri 
n the next section, you will see how mathematics ane A a 
aid in his working out of the laws of inheritance. Do you me is o 
cepts of dominance and recessive apply to animals? For A Sy K 
is the difference between a pure-bred (pedigreed) dog and a oe 

The DNA molecule. What is the DNA molecule? It is a ee ee c 
carbon, hydrogen, oxygen, nitrogen, and phosphorus. “a 3 H a eee 
Previous work in science may recognize these as the elemen : tha a 
Ound in proteins. Scientists believe that DNA is a large pro ein = 
cule with literally thousands of atoms arranged in different w e wi 
Seem to be four different main groups containing nitrogen, carbon, hy- 
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TEACHING SUGGESTIONS 


Genes carrying the genetic code for 
a trait may be either dominant or 
recessive. 


The genetic code is carried by c 
large molecule in the chromosome 


Equipment and Materials 
.. - at least 20 oblong blocks 


red) T——A-T—-A (red) 
plack) G—— C- G+ (red) 
(black) T——A-T——A (black) 
(red) A——T-A——T (black) 
(red) C——G - C_—G (red) 
(red) CG -C_+-6 (red) 


er 
drogen, and oxygen atoms. Attached to these four groups ein aS 
kinds of groups. A simplified model can convey to your m as re 
concept of the DNA molecule and how it carries the man ano 
traits. Twenty or more oblong blocks (the more, the F as 
marked alternately at each end C_ G,.G C, A T; ioo 
first four can be marked in black, the next four in red, and the n - T 
in black, and so on until all your blocks are marked. Now rong a 
blocks as you would a box of dominoes. Make two stacks in the oe 
manner: Select a block at random from the pile. Let us say it is ee 
Select another T. A from the pile and place it next to the first, rare 
the arrangement is T—A-T—-A. Do not attempt to match er ne 
letters. Now select another block (it doesn’t matter which), pile all 
second pile. When you have use e 
like the stacks of letters in the ma 
olecules, 
uppose we cut each pile down 
are next to each other, You pon 
the color codes are different. Imagit 


el, they may 
blocks, and building up another 
used for recording on separate sh 


the resulting patterns, if you wi 


process of the g 


enetic code is far 
Fruit fly her 


edity. Pupils may 
ruit fly generation 
require a whole growing season, 


kin 


chart the offsprin g 


so long? } 
portant in the control of di 


cy 
° Can certain diseases, or a tenden 
toward them, be inherited? Books in th 
science reading table should 
What is meant by 
nized and prized for thousands o 
more than a mutt? How d 


ecog- 
animal? Purebred stock has mye cost 
f years, Why does a pedigr eed f plant? 
O nurserymen develop a new strain of I 
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How do animal breeders make use of the science of genetics? A plant or 
animal breeder may be willing to visit the class or talk with a committee 
of pupils. 


Reviewing the Concept 


Before You Go On. A. l.a 


Using What You Know. 1. Black; the dominant trait appears in the off- 
spring. 2. Shorthorned; because shortness of horns is dominant. 


Sa 3b 4a BD Ba La 


Section 3: CROSSING PLANTS 


The pupils gain understanding of how pl 
tance of desired traits by insuring that only genes pu 
Passed from parent plants to offspring. 


ant breeders control inheri- 
re for that trait are 


Introducing the Concept 

Recall that in Section 2, the pupi 
tall and short pea plants, and that onl 
next generation. Were all these pea P 
Ness diseoeent? Encouraging a questioning attitude: How = i ee 
Out? A helpful model, which may be most time-saving to ave R T 
advance, is to prepare enough small opaque bags, panni in sah k- 
Breen peas and 12 yellow peas. Explain to the class that Set a — A 
two kinds of pea plants that are pure for a certain trait, an te n yon sa 
used yellow pea seeds for a dominant trait and green oea ior : = 
sive trait. Let pupils work in pairs, each pair with two ; ag = = 
One pupil draws one seed from each bag, while his partner wri es i 
€ach pair of seeds drawn under headings YELLOW, sam “tied aK 
Peeking in the bags allowed! After all the seeds have ieee ieee 
Set the totals of the groups on the board and add them upi a saskien 
ara (About half are still mised: one qR when he planted his 
re yellow.) This is actually what Menge > 
Crossed tall den They sorted out—three tall plants = a “ee ones 
average, But later experiments showed that one of the thre pla 
Was pure for tallness. na 

ow would you go about finding out if a plant a uae 
ow would you make use of your findings to get only pure p : 


Js studied Mendel’s crossing of pure 
y tall plants were produced in the 
lants pure for tallness? Did short- 


Developi 
Ping the Concept F ri í 
Crossing plants for color. As the pupils read the text of pages 336-37, 


Encourage their relating what they read to the model eat = 
ntroducing the Concept.” What is meant by pure ee Ki a 3 gi 
OW can plant producers be sure of producing pure P ei rol? Wh ; 

trol of pollination useful? What are the procedures used in control: y 
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TE 
ACHING SUGGESTIONS 


(Text page 335) 


(Text pages 336-41) 


SUBCONCEPT 
Organisms can be maintained ge- 
netically pure for a given trait. 


Processes emphasized 

Development of mathematical 
models 

Analysis of models 

Investigation 

Analysis of data 

Hypothesizing 

Theorizing 

Prediction 

Library research 


Equipment and Materials 


... green and yellow pea seeds 
... paper bags (opaque) 


A pure trait can be kept pure by 
making sure that seeds have genes 
for only the pure trait. 


Selecting of traits can be controlled 
by selective pollination. 


Equipment and Materials 
- ., Sweet pea or petunia flowers 


Dominant and recessive traits can 
be sorted out by crossing. 


are insects, wind, or hummingbirds a threat to the growing of a Pile 
strain of a flower? After these questions have been discussed, the pupils 
are ready to consider the investigation on text pages 338-39. ld 
Investigating cross-pollination. Each child, or group of children, shou 
have, if possible, a petunia plant in flower to work with. A er 
may cooperate by contributing a flat of plants or making a special prce 
If there are six classes, obviously he should not be expected to contribute 
his work free. Encourage careful techniques: In doing this investigation, 
you are surgeons performing a delicate operation. At each step, stop foi 
clarification of such questions as these: Why were all the stamens cu 


: 
from the white petunia plant? (The illustrations are useful to follow 
if the season is not right for obt 


bag placed over the white petu 
get “red” pollen? Why w 
Some pupils may wisł 


: e 
plants until seeds have set, and plant the seeds in a garden and not 


ire time, patience, and considerable care. It ‘rs 
earnings may be a useful by produc’ 
re for a trait. Pupils should study carefully th 
s they read the text. How do the results of ni 
i plants pure for red flowers ihe 
ith tallness and shortness? How do ad 
symbols show that mek e first generation will always K nts? 
e to get whi 3 “i nig PA oe 
Why? (If two red-floweri i p= aeu ap: a recessive 
are crosspollinated, it is possible for two sapere 
genes to appear in the seed [egg cell], For example, Rw x Rw mig’ 
result in RR, Rw, or ww.) Asa thought question you might ask: Why BaS 
no one grown a blue daffodil? (The gene for blaeness has not yet aP 
peared in daffodils—either minant or recessive ) 
Extending the Concept 


Your own mot Tia Pupils are always interested in inheritance > 
Y such questio : EME 
do I have freckles, or red iat or ios eee ee A ti 


he Paper as i weet De 
c s salt, sour, bitter, or sv 
g see pages 191-92 of A Sourcebook for the Biological Sciences: 
owering plants. Do een plants have flowers with ae 
Ta Hin, HO 
Are the structures similar in atch 
tion? Encourage children to W 
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for and study inconspicuous flowers on trees—such as the maple or holly, 
larger flowers on the tulip tree, or odd flowers (catkins) on the willows 
and birches. Are the white “petals” on a dogwood part of the flower? (No; 
they are merely showy leaves—sepals—without chlorophyll.) Children can 
investigate many flowers at firsthand; it may become a hobby for some. 

Plant-insect partnerships. Children who live in desert regions may 
have an opportunity to study firsthand the partnership between the yucca 
flower and the yucca moth. Other strange partnerships can be located 
in library references and then studied perhaps firsthand, depending on 


the region in which the pupils live. 


Reviewing the Concept 
Before You Go On. A. l.a 2b 3a 4b 


Using What You Know. 1. a. In order to breed cattle having the traits he 
desires. b. A good environment will enable the traits to develop faster 
and better, If the environment is poor, the cattle may grow slowly and pot 
on less weight, The cattleman is interested in getting tie most Hen from 
his herd and the best prices for it in the shortest time. 2. Monge my 
carry undesirable recessive genes that may show up in the offspring if the 


same recessive gene is passed on by each parent. 


Section 4: BLENDING TRAITS 


Pupils develop a deeper underst 
of traits by studying the effect pro 
are neither dominant nor recessive; when two tr 
Cells in the offspring, the offspring is a hybrid. 


anding of the concept of inheritance 


duced in the offspring by genes that 
aits are carried by the 


Introduci 
ucing the Concept ‘i = 7 
Uppose you cross a white and a red four-o clock, what color do you 


think the offspring will be, on the basis of what you have tn a an 

(The offspring will be either red or white, dene y ks s H i ae j 

isu ap pen ee i l an would you 
8 are crossed, and you get a spotted dog, what hypo hol 

Suggest? Was Mendel wrong? Perhaps the pupils my sue air 
Ow the genes reached a compromise or that the co mae en cs p iai 

“ce in some way a visible effect. (Of course the P yei : mei 
clock do not blend; the genes have interacted, and r - =e apse 
Have you ever heard of hybrids? What is a hybrid ? Hj we hagas 
e dominant in the same organism at the same time tn produ 

effect like neither trait, but yet a combination of bot h? ROSA 
„Refer pupils to the text of the section. F ollow up reading g 
Iscussion, 


o 
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TE, 
ACHING SUGGESTIONS 


(Text page 341) 


(Text pages 342-46) 


SUBCONCEPT 

Genetic traits interact in many 
ways; the resulting effect may be 
dominance, recessiveness, or blend- 
ing. 


Processes emphasized. 

Analysis of data 

Development of mathematical 
models 

Hypothesizing 

Theorizing 

Prediction 

Library research 

Discussion 


When two different genes affecting 
the same trait are in the chromo- 
some (or the DNA molecule), the 
organism is a hybrid. 


The visible appearance of traits 
may be altered, but the traits re- 
main unchanged. 


veloping the Concept 7 
j anes of showing hybridization. Use a flannel board with R and pa 
cards or tagboard labels, or arrange them on the desk. R will cross “en $ 
W and W will cross with R. (R is for red-flowering and W is for whi e: 
flowering.) The plants will all be RW-—neither dominant or ici 
Now suppose you cross R with w (recall that a capital letter stands re 
a dominant), what will you get for traits in the offspring? (All sake 
dominant trait.) Obviously, you are crossing red-flowering plants wi : 
white-flowering plants in both instances; but what would you ane 
would be the apparent color of the RW plants, where the interaction © 
R and W genes produces blending? 
RW turns out to be pink and that 
the dominant gene. The pattern of 


is 
sorting is the same. The effect 
different. This tagboard or flannel-bo 


j ils 
ard modeling should permit pre A 
f hybrids—one in which a trait is 


and brown eyes dominant. How oa 
ay have hazel or olive colored i 
as BL and BR) and work out is 
(S) is dominant and curly (e) 
ave “half-curly” hair? (A word of sak aeae 
apparently common traits, several traits ibe 
plant may have flowers only at the end of is 
stalk or at the juncture of the leaf with the stalk; baldness in me? o 
ed to the trait of maleness, In other words, tW 

or more traits sometimes are Passed along in tandem, so to speak, 2P 
the combined effect is multiplied in complexity.) A pupil who is incline 
to see a concept as “all black or all white” should be urged to gons. 
references and adopt 

Traits and technolog 
straight hair, for exa 


chromosomes (the DNA code, actu ll a review ° 
the DNA model (page T-162) wil be te altered. nai 
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Extending the Concept 

Chance discoveries. A New England farmer, Seth Wright, had to erect 
high fences to keep his sheep in pasture. One day he found a short- 
legged lamb in his flock of sheep. He had an exciting idea: what if he 
could breed sheep with short legs so that he would not have to spend 
so much money and time in building high fences? How do you think 
Farmer Wright went about trying to develop a new breed of sheep? 
Look up in library references the story of what he did and report on it 
to the class, 

Explain the relationship of Wright's discovery to dominant and reces- 
Sive genes, if you can. There are other stories of breeding to obtain de- 
sired traits—hornless cows, cattle resistant to disease carried by insects, 
small turkeys with heavy meat, corn with more kernels to the ear, ee 
SO on, Interested pupils can start library research, which will enable 
them to make contributions in later sections, to make clearer the central 
concept that the characteristics of a living thing are Hann in a 
Benetic code. Reports on chance discoveries anticipate the wor! mu- 
tations in Section 5. Interested pupils—and usually those who are begin- 
ning to show a commitment to science—will be able, by their ee 
tions, to help other pupils develop insight into concept a a ie 
increasing complexity. All pupils should benefit from sharing of i 


and experiences. 


Reviewing the Concept 
Before You Go On. A. la 2a 3b 4a 5. a 


Using What You Know. 1. (Sample answers .) A mule hedge | ha 
the mare (female horse) or the donkey male, of whic ; we = = 
Hybrid corn has more kernels to the ear and may have pagent — 
either parent. 2. Both traits in the parent are good age a har ogee 
is dominant, but blended, in the offspring, the advantages 0! aits a 


Combined in a “prize package. 


Section 5: CHANGING THE CODE 


Nore. This and the following section serve 
Iving things are in constant change. 


the Conceptual Scheme: 


g of the concept that new traits 


The pupils extend their understandin; genes (the DNA aie, 


*Ppear as the result of a chance change in the 
and that these changes can be inherited. 


Introducing the Concept 
Exhibit pictures of an orange or a 
ms, and a daffodil. (Other pictures © 


bunch of grapes, a cow with long 
an be used if you adapt the fol- 
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T 
EACHING SUGGESTIONS 


(Text pages 345-46) 


(Text pages 346-54) 


CONCEPT (Sections 5 and 6) 
Changes in the genetic code pro- 
duce changes in living things. 


SUBCONCEPT 
The genetic code can change. 


Processes emphasized 


Observation 

Analysis of observations 

Analysis of mathematical 
models 

Library research 

Hypothesizing 

Theorizing 

Prediction 

Reporting 


A mutation (a change in the gene) 
is passed along in the genetic code. 


Equipment and Materials 


... seedless (navel) orange 
++. Seeded (Valencia) orange 


Offspring of a single parent have 
the parent's genetic code. 


lowing introductory questions.) Which would you rather eat, an es 
(or grapes) with or without seeds? Would you like to go near a cow wi 

horns like these? Would you be excited to find a blue daffodil if se 
were raising plants in a nursery? Oranges and grapes used to have seed s; 
now we can buy them without seeds. Cows used to have long ES 
now many cows never grow horns. There is no such thing as a blue daf- 
fodil, but it would be an exciting discovery and very profitable to any- 
one who found one and could grow more of them. Have you ever seen 
a white robin or a white squirrel? They do exist; they are called albinos. 


i . ight 
How do you think seedlessness, hornlessness, changes in coloring migh 
happen? 


What causes new traits t 


P rs 
© appear? How do plant and animal breede 
make use of such chance 


changes? Are all such changes useful? 


Developing the Concept 
Usefulness of mutations. 
47, make certain the 


as no seeds? How c 
or no horns, for ex 


give you animals 

i r 
rafting. Several groups of pupils working togeth® 
may perform the investigati 


This is a surgical operation! interested pupils have been investigating 
vegetative propagation (See Section l, page T-160), they may be aske 
questions relating to i igation may 


y removed, ) 


i 
in the apple tree that bears five kinds of A 
e grafts. ) Why would this kind of tree be 
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sirable for a small area? (You could grow pie apples, eating apples, long- 
keeping apples, apples for apple sauce, and apples for cider—for exam- 
ple—all on one tree.) Is this the same kind of grafting as that in the 
investigation? If the pupils understand that the five different apples grow 
from branches attached to a single trunk, they will infer that the grafts 
cannot be made at the root. The process is known as budding. If inter- 
ested students have been investigating vegetative propagation, they may 
be prepared to explain or demonstrate the method. 

A pure herd from mutants. Why is it easier to reproduce plant mutants 
than it is to reproduce animal mutants? Pupils should readily infer that 
plant mutants can be grafted but animals must have two parents. How 
can you get more animals with the mutant trait? What did we find out 
when we studied Mendel’s work? Pupils should infer that mutant animals 
must be crossed to obtain a hybrid. If the trait does not appear in the 


hybrid, does this mean that the trait was not passed on to the offspring? 


Again pupils should infer that the mutant gene is recessive and that breed- 


ing the hybrids may produce a few animals that are pure for the recessive 
trait. What then happens if the animals with only the recessive genes in 
their genetic code are crossed? Can you now explain how cattlemen were 
able to produce a pure breed of shorthorn cattle? 

If interested students are looking up other changes, such as Seth 
Wright's sheep (see page T-167), they may report what they have 
found out to add additional evidence on how mutations are’ preserved. 

Can we change the genetic code? Why did the Nobel prize winner, 
Dr. Herman Muller choose fruit flies for his investigation? Pupils recall, 
from Section 2 that fruit flies have only four pairs of chromosomes and 
that their generation span is only 12 days. If the investigation on page 
351 is set up as a class project, a variety of traits will be seen within a 
short time, What change in conditions did Dr. Muller miae tliet 
you haven’t in your investigation? (Radiation. ) Would ee say this w n 
a change in the environment of the fruit flies? (Yes; a — na 
change to affect the DNA molecule in their chromosomes. ) This, o a 
oes not imply that there were periods of extreme _— = rd = 
that caused many mutations; but Muller’s work did show = n a 
could be passed on through many generations of fruit flies, anc ite way 
Mutations are unfavorable to survival. Dr. Muller’s own description of the 


mutati ad to the class: 
nations he chawvad may Be reni all, ugly and beautiful, burst 


“All types of mutations, large and sm 3 
Upon the gaze, Flies with bulging eyes or with flat or dented eyes; flies 


with white, purple, yellow, or brown eyes; flies with ery bain an 
ruffed hair, with parted hair, with fine and with “om air, ec a 
ies; flies with swollen antennae, or extra antennae, Or egs 4 p acs es 
antennae; flies with broad wings, with narrow wings, ie Lee 
Wings, with outstretched wings, with truncated ‘wings, in a sph Pia 
With spotted wings, with bloated wings, and with virtua y. TO: W on 
all Big flies and little ones, dark ones and light ones, active and sluggis 
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TE 
EACHING SUGGESTIONS 


Offspring of two parents inherit 
genes from both parents; an in- 
crease in the number of mutants 
depends on interaction of the ge- 
netic code from both parenis. 


A living thing is the product of its 
heredity and environment. 


Equipment and Materials 


See text page 351; also the 
Teacher’s Manual for Classroom 
Laboratory 6. 


« Fiz hat 
ones, fertile and sterile ones, long-lived and short-lived ones. Flies tł 


, > light, 
preferred to stay on the ground, flies that did not care about the lig 
flies with a mixture of sex charact 


to warm weather. They w 
The roots of life—the genes 
Which of these mutatio 
are adapted to life in a 
ample, they could not fly 
was dominant, what effe 
Could it be a bad trait? 
favorable to survival in 
happen to the organism? 
development of the horse 
to on text pages 352-53? 


ers, flies that were especially eee 
ere a motley throng. What had been doner 
—had indeed been struck, and had yielded. , 

ns might not be useful to the fruit fly? (In 
particular environment; without wings, for ri 
to their food.) If a mutant gene appeared He, 
ct would this have on an animal's SUNN 
If the environment changed, and no en 
the new environment appeared, what hon 
Do your hypotheses help you to explain li d 
and the dying out of the dinosaurs referre 


travelers will have to 
e earth. How d 


s in space medicine? 

Can mutations be produced 
been used recent] 
molds and bacteria, One 


rown mold colonies on bread. A a 
reference is All About Heredity by Judith Randal, p 


ves for 
A librarian can help you find other sources 


conditions, | 
ugh insulin, 


(Text page 354) Reviewing the Concept 


Before You Go On. A log 


Using What You Know. 
may be recessive tations 0° 
curred that better adapted the h "ne, be blends. 2. Mu 


le, 
i A ; for examp. 
hoof may have given grez > environment; WE 
ay greater speed fo: . A The less 
adapted tended to die o evading enemies. 


and pure traits: 


. Sei 
From the Scientific Monthly, December 1929, quoted with permission. 
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Section 6: THE SEARCH FOR PRIZE GENES 


The pupils follow several applications of the concepts of heredity in 
the breeding of plants and animals. They find that in genetics, as in 
other areas, the scientist and technologist work together. 


Introducing the Concept 

Have you ever been to a county fair or a plant show? If not, perhaps 
you have watched a horse show or a dog show on television. Blue rib- 
bons, a silver bowl, or even a prize of money is awarded to the best 
flower, the best animal of a breed, or the best in show. What do you 
think the judges look for? A pupil who has seen any plant or animal 
show, either at firsthand or on television, can describe what he has seen. 
Would you say that the judge was looking for prize genes? (Yes.) But 
is this all? Pupils should infer that some traits are acquired. Which are 
likely to have been inherited traits? (Shape, color, size in relation to the 
breed, distribution of parts of the organism, and so on.) Which are ac- 


i i siz i imes; general 
quired? (Various skills of animals; size and weight, sometimes; genera 


rooming of animals, etc.) 
If you happen to have ar 

you may have photographs. These may 

can view them readily. Let the pupils act 
est animal and defend their choices as above. 
How do plant and animal breeders select and 


a interest in horses, dogs, or other animals, 
be displayed where the pupils 
as judges and vote for the 


maintain desirable traits? 


Developing the Concept 

Prize genes in animals. 
of concepts of heredity, which the pt 
Sut the unit, you may wish to recall 


hits Two and Three. How is a plant or aia ; 
gist who works with metals? When a metallurgist tries to find a new 


alloy, what is he looking for? (New properties. ) ee a Pee isin 
Teeder tries to improve plants or animals, what is he looking tor: 
Benes ) 
i ity? jx 
How does the breeder of animals apply concepts of iape = = 
Pils discuss the search for the prize gene of hornlessness qie koy 
oi Monkey, they should understand how a mutant ra > ponu 
à “registered” breed is developed, what the term af no i naa 
Whether any genes make the organism better adapte a 1 iP ney ae 
ie example, how is the Santa Gertrudis breed of cattle adap 
climate of Texas? 
xast i sak 
Prize genes in plants. How does the plant TA pasdagi p 
eredity? Pupils should sl they understan e 
? Pupils should show they ; i 
Pollination and the techniques for controlling the OUNCE of Z pin 
at falls on the stamens of the plant with the desired traits: an ieie 
© a mutation in a plant that does not have seeds? Why not? Why is it 


Since this entire section describes applications 
ipils have been studying through- 
man’s use of his brain, studied in 
animal breeder like a technol- 
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TEACHING SUGGESTIONS 


(Text pages 355-58 ) 


SUBCONCEPT 

Improved plants and animals are 
the product of selective breeding 
for the desired traits. 


Processes emphasized 
Library research 


Analysis of data 
Prediction 


Desirable mutations in animals may 
be established by selective breed- 
ing. 


Desirable mutations may be estab- 
lished by cross-pollination of plants 
having the desired traits. 


Text page 358) 


environ- 
especially important for a plant grower to provide the Pra aad ae 
ment? Could he try to grow a new strain of cotton in nee a full 
Wyoming? Could he improve a shade-loving plant by ane a ae 
sun? Could he lime his soil if the plant which has the mutant se a he 
from acid soil? Why not? (The environment must be one for W po hat 
plant is adapted.) Plants are not able to perform one life activi y o 
animals perform. What is this life activity? (Moving about, A plan 
not move about to find the environment for which it is suited. ) 


Extending the Concept 


e 
Other prize traits. Would the desired traits for milk cattle be pie fe i 
as those for beef cattle? What other prize traits might be age 
cattle? One group of pupils divided into committees to study differ of 
hile, they became experts and critical judges i 
drawings and models made by their classmates, If your pupils pase 
i y may check for information with the ial 
Federal, State, or County agricultural agent for the location of 4H seat 
centers and i ciations. If possible, secure H uts 
re grade standards for specific € 
r 
More white meat . . . Turkeys used to weigh 24 pounds or ipa 
the Thanksgiving dinner. Today, a 12-Ib, turkey will give almost the sí 


ov- 
amount of meat, and especially an extra quantity of white meat. A £ 
xperiment station 


ng, The 
t more about poultry breeding g es 
artment of Agriculture are 
y libraries. hdin 
characteristics of the pea 
it get its name? (mid Sei 
How was the strain produced! 


available in man 


- What are the 


f t the 
n all of its forms. Do not ar ahe 
Onsumers! Farmers’ seed catalogs desc™ 


Reviewing the Concept 


Using What You Know. Pupils’ investigations and reports. 
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Section 7: THE MAIN CONCEPT: THE GENETIC CODE 


As the pupils review how traits are inherited and how their develop- 
ment is influenced by the environment, they grow in awareness of the 
importance of providing the best conditions under which a trait may 
develop to its fullest capacity. Good inheritance is not enough; environ- 
ment is not enough; both heredity and environment interact. 


CONCEPT SUMMARY 

The text of the section m 
Marizati oncepts. 

Hold ce i fei Fa any other easily identifiable a a zon 
Predict will grow from this seed? Why can you be so sure? Now, ving 
a globe or a map, ask in what parts of the world the coconut tree mig t 
grow from the coconut seed. What kinds of conditions must it T e? 
Clearly, the genes the seed has for becoming a coconut tree will not 


develop in all parts of the world. , 

Corn seeds have been treated with 

: e 

making chlorophyll has been ge me ve oe — S 
Seeds j i there corn plants have alwa ; 

oe v. What happens? Do the plants grow and 


ey come up and start to grov j isnt 
evelop i strong healthy plants? Clearly a good environment isn 


Enough then. 

How many plant and animal pro! 
erator at home are better than they w 
Supermarket with notebook and penci 


h a list for discussion.) 
intereste il mi teer to prepare such a 4s 
Si ge ioe these improved varieties? Here general 
ve > 


i der- 
fendel’s work in 1859 led to an un 
i S HES and recently the DNA mole- 


rom parent to offspring. Improved 


ay be read before, or concurrently with, sum- 


radiations so that the gene for 


ducts on the shelves or in the refrig- 
ere 100 years ago? (A visit to a 
] would reveal a longer list—an 


Mat reason can you gi 
Iscussion should bring out how 
Standing of the role of chromosomes, 


Sule in th issi f traits fi : 
en shane apna i hereditary 
means of providing the most favorable environment for the ry 


traits to develop in should be mentioned. There ng btn - 
whether heredity or environment played the greater =F 
€ Pupils are engaging in concept gecin. ily photographs to school 
Any children who are willing to bring fami y P t upon it, for some 
Should be encouraged to do so. It is best not to ne n _ iii 
amilies have few or treasured photographs, ong few sets of pho- 
from broken homes, or there may be aterra rained by all the 
tographs are brought in, family likenesses may be = which he is like 
Pupils, Does anyone want to tell some other na th it acquired be- 
‘nother member of his family? Is this mi ad and encouraged in 
Cause of some common interest that the parents ad a 
the children? 
„ If some physical trait is mentioned, as 
NY has this trait—a grandparent perhaps. 


k if another member of the fam- 
What does this suggest about 
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TEACHING SUGGESTIONS 


(Text pages 359-63 ) 


CONCEPTUAL SCHEMES 
A living thing is the product of its 
heredity and its environment. 


living things are in constant 
change. 


CONCEPTS 

The characteristics of a living 
thing are laid down in a genetic 
code. 


Changes in the genetic code pro- 
duce changes in living things. 


Is heredity enough? 


Is environment enough? 


How can organisms with improved 
traits be developed? 


How are children like their parents? 


How are children in some ways dif- 
ferent from their parents? 


How have living things changed 
over the ages? How can this change 


be explained? 


What large concepts 
learned from this unit? 


(Text pages 362-63 ) 


have 


we 


the trait? Is it likely to be dominant or recessive? College students oy 
are 2 to 3 inches taller than their fathers. Is this greater height due = 
a change in heredity or better balanced diet (an environmental nace A 

If possible, have available from your science picture file, or era : 
library, illustrations of prehistoric animals, such as dinosaurs, in i 
prehistoric habitat. Do any of them resemble animals today? Lizar : 
insects, birds, perhaps? Do any of the plants resemble those living today: 


G count 
Grasses, ferns, perhaps? How are they different? How do you accoun 
for the differences in animals and plants? 


oncepts in their own words, They may alg 
n the genetic code produce changes in liv- 
o have the pupils agree on the best m 
pts useful to us? Encourage each pupil to ue 
a few traits he thinks he can improve and how he can go about doing 


i ; : , shich 
so, thus reinforcing the importance of applying oneself to learning, whic 
was first introduced in Unit One, 


ments. How are these conce 


FIXING THE MAIN CONCEPTS 


Testing Yourself. 1, b; traits are inherited thr 
blood cells. 2, b; fossils are differ 
earth, but similarities can be noted, 
pure for the yellow-flowering trait. s- 
was carried by the black-furred hybrids. 5. Both parents had the = 
sive gene for blue eyes; the blue-eyed child is pure for the trait of a 
eyes; one child may be pure for brown eyes and two hybrid; but all ue 
i om or any of them, may be either pure for brown €Y 


Quick Test. 1, b Sa 


ough egg cells, not through 
ent from animals now found s been 
too. 3. The plants must have tr 
4. The recessive gene for gray 


3b 4. b 


pity 
T-174 UNIT EIGHT / CODE OF HERE 


TEACHER’S NOTES 


UNIT EIGHT 
CODE OF HEREDITY 


Visit a ranch. The chromosomes in the nucleus of animal cells are 
responsible for the characteristics of the animals. Visit a farm. 
Both the plants and animals owe their characteristics to their 
chromosomes. Visit a market. The vegetables are a result of the 
plant breeder's art. Look in a mirror. Your chromosomes are 
largely responsible for the way you look and, in many ways, for the 
things you do. In fact, chromosomes are the link between one 
ation and the next, the reason that each kind of plant or ani- 


gener: 
own kind. But that is not the whole story. 


mal produces its 


Long before man understood the concepts underlying heredity, 
he sought to improve the quality of each succeeding generation 
of plants and animals. He wanted plants that would produce more 
food on less land, cows that would produce more milk, chickens 
that would lay more eggs, cattle and hogs that would have more 
meat, and plants that would be resistant to disease. 


imed with more knowledge and techniques, man 


In recent years, a 
ld problems. Nowhere has science 


has applied new tools to o. 
yielded knowledge of greater importance than in the study of 


chromosomes. A model of what scientists know about the structure 


of the chemical substance withi 
opposite page. This unit is only a beginning in the study of this 


substance—the basis of heredity. 


n the chromosomes is shown on the 
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1. A “Chip off the Old Block” 


People sometimes refer to a son as 
a “chip off the old block,” meaning 
that he is just like his father. 

Actually, it is never true that a boy 
is just like his father or his mother. 
All boys and girls inherit traits from 
both parents. The word traits is used 
to mean many things—eye color, 
height, hair color, or even intelligence. 

All the traits that one inherits are 
called heredity (ho-red’a.té), 

How important is heredity? Can we 
ever really say that a living thing is a 
“chip off the old block”? After all, liv- 
ing things that have two parents may 
inherit traits from each. With some 
living things, however, the expression 
“chip off the old block” may really fit. 

Take a look at a living thing that 
starts life as a kind of “chip off the old 
block.” You will make the “chips” 
yourself in the investigation on these 
two pages. 


The Results and an Explanation 

In several weeks you should begin 
to get results from your investigation, 
Do you find that: 

1. the bud in the dark cl 
and thin? 

2. the bud which was not watered 
(after the first watering) has barely 
managed to sprout at all? 

3. the bud with most of its food 
removed has barely come up and is 
thin and small? 

4. the control is green with a stout 
stem and several leaves? 
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oset is pale 


AN INVESTIGATION 


into the Effect of Environment on Living Things 


Needed: a large white potato with sev- 
eral eyes (buds); four small flower- 
pots; saucers; some garden soil 


Divide your potato into four pieces so 
that each piece has an “eye.” Each 
“eye” is a bud from which a new potato 
plant can grow. 

Try to divide the potato into four 
f equal size so that each bud 


pieces o 
of potato as 


will have as large a piece 
the others. After you have done this, 
trim off almost all the potato from 
around one of the buds. l 

Now you have several “eyes” with 
good-sized pieces of potato around 
them. These untrimmed pieces have a 
great deal of starch in them. Starch is a 
food needed to supply the new plant 
with energy for growth. 


One bud was trimmed so that it had 
only a little supply of starch around it. 

Plant one piece of potato in the soil 
in each of the four pots. Plant the 
pieces with the eye up and water the 
soil, so that it is moist but not wet. 

Place one of the pots containing a 
large piece of potato in a dark closet. 
Label this pot #1.™ Place the other 
three pots where they will be in the 
light. Two of these have a large piece of 
potato. After the first watering, do not 
water one of the two pots again. Label 
this as your second pot.@ The third pot 
has the small piece of potato (with very 
little starch around the bud).a The 
fourth pot (with a large piece of potato) 
is the control. @ All the others can be 
compared with this one. Keep the soil 
moist in the first, third, and fourth. 


i ae 2 


Remember that the control is the 
one which is to be compared with 
each of the others. Each of the other 
three plants lacked only one variable 
(light, water, or food supply). The 
control did not lack any variable. 

How do you explain the results? All 
were pieces from the same potato. All 
were “chips off the same block.” 
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Which of the four buds grew to look 
most like the parent plant? What 
causes a potato sprout to grow like its 
parent? 

The bud of the potato is made up of 
cells. As it grows, the cells divide to 
make new cells. Some of the cells 
form leaves, others form roots, and 
still others form the stem. 

The potato plant that comes from 
the bud will be like the parent potato 
because of its chromosomes (kré/mo- 
somz ). Chromosomes are found in the 
nucleus of a cell. They are usually 
rod-shaped but may be bent in differ- 
ent ways. The cells of the potato bud 
have the same chromosomes as the 
parent plant. 

Each chromosome is made up of 
tiny parts called genes (jénz), which 
are responsible for the traits of plants 
and animals. The new potato plant 
will look like the parent plant, be- 
cause it has the same genes as the par- 
ent. Genes are the parts of the chro- 
mosome which carry the hereditary 
traits. The genes are believed to be 
Parts of a huge molecule found within 
the chromosome. A model of a DNA 
molecule is shown on page 324. 

All of the offspring of the potato 


plant will look like the parent—but 


only if the environment of the off- 
spring is like the environment in 
which the parent grew. 
The genes in the buds of the four 
Pieces of potato were the same, but 
© environment in which each piece 


Grew was very different. Therefore, 
the results were different. 


One plant had no sunlight. The 
green substance in plants, chlorophyll 
(klor’a-fil), needs sunlight to develop. 
The ability of a plant to make chloro- 
phyll is a trait inherited from the par- 
ent plant. This trait was there in the 
bud of the potato plant. Without sun- 
light, however, the genes responsible 
for making chlorophyll were unable to 
do their work. 

One plant had little water. Without 
water the plant roots could not get 
substances they needed from the soil, 
and the plant could not make its own 
food. The genes which are responsible 
for growth in the plant could not work 
properly without water. 

One plant had little food at the be- 
ginning of its growth. The genes re- 
sponsible for growth were present in 
the potato bud, but the potato bud 
needed a food supply. Without it, the 
plant could not grow. The environ- 
ment which would have supplied food 
for growth had been removed. 

The explanation of the results is 
plain. A living thing nee 
vironment in which to dev 
are not enough. 

Without a goo 
genes in a seed ma p 
their traits. The trait of “green color 
shows up only when there is enough 
sunlight. The ability to produce chlo- 
rophyll is a trait transferred from the 
parent to the offspring in genes; but 
the development of the trait is deter- 
mined by certain conditions in the en- 
vironment. Sunlight is essential for 
the growth of green plants. 


ds a good en- 
elop. Genes 


d environment the 
y not fully develop 


An oak tree is stunted when it grows 
in sandy soil without enough water. 
The trait for tallness in the oak is not 
developed unless the tree is growing 
in a good environment. 

We come then to still another im- 
portant concept: A living thing is 
product of heredity acting together 
with the environment. In other words, 
heredity, acting in a certain environ- 
ment, equals the organism. 

This concept is true for all living 
things. Genes from parent plants are 
passed on to the offspring. You can 
cut off pieces from other plants, as you 
did with the potato, and plant them. 
The offspring are then very much like 
the parent—if the environment re- 
mains very similar. 

The young potato plants came from 
one parent plant. The genes in the off- 
spring were therefore the same as in 
the one parent. This is not true of all 
new plants because some plants, like 
the tiny lima bean plant in the pic- 
ture below, start from seeds which re- 
sult from two parent cells. © 
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Plants with Two Parents 

Certain plants, the seed plants, have 
flowers, Cut apart a flower as shown 
in the diagram on this page and find 
the parts that are labeled. A tulip 
or a pea flower will do nicely, 


Pollen cells 
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Before a seed can be formed, the 
flower must be pollinated (polə- 
nat-ed); pollen (pol’en) must fall on 
the pistil (pis’til). Tiny grains of pol- 
len are produced by the stamen (sta’- 
mən) of the flower. Each grain con- 
tains a living cell called a sperm 
cell. The grains of pollen are some- 
times carried to the top of the pistil 
by the wind or by the feet of insects 
crawling around the flower. Some- 
times pollen from the stamen of one 
flower is carried to the pistil of an- 
other. When the pollen grain lands on 
the pistil, it grows a long tube.@ This 
tube grows toward the egg cell (the 
part that later becomes the seed), at 
the base of the pistil. There the sperm 
cell from the pollen unites with the 
egg cell. The beginning of a new 
plant, the embryo (em’bré.d), is pro- 
duced. The embryonic plant (which 
is very small) stays in the seed until 

» Such as warmth and mois- 

ture, are right for it to grow. 
he embryonic plants are so well 
Protected within the seeds that they 


can survive a cold winter. In the 
Spring, when it js w. 


y heredity (genes). 

» the embryo gets 
two parent cells, 
the egg cell. The 
Wo parent cells deter- 
of the new plant. 


the sperm cell and 
genes in the t 
mine the traits 


BEFORE A. Study the statements below and choose the correct re- 


YOU GO ON 


USING WHAT 
YOU KNOW 


sponses. They will help you fix in mind the concepts of this 


section. 


1. Chromosomes are generally found in 
a. cells b. genes 


2, Genes are found in 
a. chromosomes b. chlorophyll 


3. Inside the chromosome is a huge molecule known as 
a. the DNA molecule b. a pollen grain 


4. The organism is the product of its heredity and its 
a. genes b. environment 


5. A plant having only one parent may be reproduced from 


a part 
a. of itself b. of a seed 
6. When pollination takes place, the pollen grows a long 
tube which enters the 
a. stamen b. pistil 
7. A plant which develops from a seed is the product of 
a. one parent b. two parents 


B. Write a paragraph or two on this topic: A “Chip off the 
Old Block.” 


1. There are many varieties of potatoes, Idaho, Katahdin, 
and others. How can farmers be sure to get the same variety 
for re-planting as the ones they harvest? 

2. The embryo in a seed inherits its traits from two parents. 
Suppose an embryo came from two parent plants—one was 
red-flowered, the other white-flowered. Into what kind of 
plant might the embryo grow? 

a. red-flowered? c. any other color? 
b. white-flowered? 
What is the hypothesis behind your answer? 
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ON YOUR OWN 


Some plants can reproduce themselves from their roots, 
stems, or leaves. The white potato, for instance, is a thick un- 
$ 


derground stem. Parts of the potato stem can grow into com- 


plete plants. 


When a plant reproduces itself from its parts, the process is 
called vegetative propagation or sometimes vegetative repro- 
duction. Perhaps you would like to see for yourself how vege- 
tative propagation takes place in other plants. Below are two 


plants which you mi 
A carrot: its thick oran 
plant. Plant it and see. 


A willow: a twi 
early spring.) 


ght want to investigate. 


ge root will reproduce the entire 


g will grow roots and leaves. (Try this in 


What other plants undergo vegetative propagation? 


To find out, look in an encyclopedia. The 
found under any of these topics: 


plant life 


plant propagation 


2. Inheriting Traits 


There are garden pea plants that 
grow tall and some that grow short. 
What happens when a tall pea plant is 
pollinated, or crossed, with a short 
pea plant? For the time being, let us 
say that a pure tall plant crossed with 
another pure tall plant can produce 
only pure tall plants. A pure short 
plant crossed with another pure short 
plant can produce only pure short 
plants. We call a plant pure when it 
has only the genes for a certain trait, 
For example, a pure tall plant has 
only genes for tallness. There are no 
genes for shortness in the plant. 
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answer may be 


vegetative propagation 
vegetative reproduction 
plants 


Suppose one of these pure tall plants 
is crossed with a pure short plant. It 
can be done this way. Pollen, obtained 
from the stamen of a flower of one 
plant, a pure tal] One, is placed on the 
Pistil of a pure short plant. 

A tall garden pea plant is now 
crossed with a short garden pea plant. 
What will the offspring be? Do you 
understand why? The gene for tall- 
ness is represented in the diagram by 


T”; the gene for shortness by “s.” m 
All the seeds that are 


-o  —— 


kk 


sie 


crossed with 


~a 


SS 


a pure tall plant 


TT 


Gregor Mendel, an Austrian monk 
and scientist, first investigated garden 
peas about 100 years ago. Whenever 
he crossed pure tall plants with pure 
short ones, he got offspring which 
were tall. 

He called tallness a dominant trait. 
What does dominant mean? The gene 
for tallness seems to dominate or “rule 
over” the gene for shortness in garden 


Iled shortness a reces- 


peas. Mendel ca 
sive trait because it seems to disappear 
t the genes for 


in the offspring. Bu 

shortness have not disappeared or 

been destroyed. They are still present 

in the new plant, the offspring, but 
t is apparent. 


only the dominant trai : 
When Mendel crossed pure ta 


plants with pure short plants, he got 
only tall plants. Tallness was the dom- 
inant trait. The recessive trait (short- 
ness), however, is also in the off- 
spring. 
Somehow t 
passed on fro 
the offspring: 


allness and shortness are 
m the parent plants to 


a pure short plant 


offspring all tall 
Ts Ts 


The Message in Cells 

Scientists think that chromosomes 
carry a kind of message from the par- 
ent to the offspring. You might think 
of the chromosomes as carrying a kind 
of code. What is a code? It is a short- 
hand way of giving information. For 
instance, here are a few lines of the 
Morse code. 


[ofeefe] fmmlelme/fol bmp] 
Jbp Hpt H=- 
Fethet- -/-/+-/---/ 
J-F- J-F f-t h- 


Translated it says: 

The genes are the code of heredi- 
tary traits. 

In every organism the genes in all 
the cells seem to be the same. They 
seem to duplicate themselves, so that 
the code is passed on every time the 
cell divides. 
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Scientists now believe that the 
genes are smaller parts of the large 
molecule calléd the DNA molecule, 
which was mentioned earlier. In fact, 
the chromosome contains the large 
molecule of DNA (short for deoxyribo- 
nucleic acid). The genes are thought 
to be smaller parts of the molecule. 
When scientists learn more about the 
nature of DNA, we will have a better 
understanding of genes. Perhaps they 
will be able to explain how the genes 
can determine hereditary traits, 

Here is a diagram of the long 
chromosome of a fruit fly. Some of the 
tiny lines you see might be the genes 
for eye color, white eye color. These 
genes are parts of the chromosome 
which carry the code for eye color, 
Each of the two genes was inherited 
from a different parent. One of the 
genes for white eye color came from 


i 
Or 


334 


the fly’s male parent. The other came 
from the female parent. 

The code in the chromosome or in 
the long molecules of DNA directs the 
way a living thing develops. A plant 
which is pure for tallness carries the 
code which directs the plant to grow 
tall. The code in the chromosomes of 
a certain fruit fly acts on the cells to 
produce white eyes, 

Genes do not act alone, however; 
the environment plays an important 
part. Without a good environment, a 
plant with genes for tallness would 
not grow as tall as it is capable of 
growing. 

The DNA code ( 
chromosomes ) determines the traits: 
the environment helps in determining 
the development of the traits. 

DNA molecules in a hen’s cells 
carry the code which determines 
whether the hen’s eggs will be brown 
or white. The long DNA molecule in 
the chromosomes of a red flower de- 
termine its req color, 

Scientists do not know the whole 
Story yet. They know that the chromo- 
somes contain DNA and that this sub- 
stance carries a kind of code. This 
code carries the information, in the 
Senes, which determines which traits 
will develop, 
Look again at the lines and shad- 
ings on the chromosome in the pic- 
ture. Today Scientists are not sure 
what each ne stands for. Maybe 
Sometime in the future they will be 
able to Solve the code and solve one of 
the greatest Mysteries of nature. 


the code in the 


BEFORE A. Study the statements below and choose the correct re- 


YOU GO ON 


USING WHAT 
YOU KNOW 


sponses. They will help you fix in mind the concepts of this 
section. 
1. A pure tall plant crossed with a pure tall plant will 
produce 
a. only tall plants b. some short plants 
2. A pure tall plant has at least two genes for tallness. One 
gene for tallness is received from 
a. each of both parents b. only one parent 
3. When a pure tall garden pea plant is crossed with a pure 
short garden pea plant, all the offspring are 


b. tall 


a. short 


4, In the garden pea, tallness is 


a. dominant b: recessive 


5, The hereditary code of an organism is carried in its 
a. environment b.. chromosomes 
6. The hereditary code of an organism seems to be in the 
DNA. DNA is a 
a. long molecule 


7, DNA might be said to be the basis of an organism’s 
b. environment 


b. dominant trait 


a. heredity 
B. Write a paragraph or two on this topic: DNA—The Code 
of Heredity. 


1. In guinea pigs the genes for black fur are dominant over 
the genes for white fur. A pure black-furred guinea pig is 
crossed with a pure white guinea pig. What kind of offspring 


would be produced? Why? 


2. In cattle the genes for short horns are dominant over 


the genes for long horns. A pure shorthorned animal is crossed 
with a pure longhorned animal. What kind of offspring will 


be produced? Why? 
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3. Crossing Plants 


Look at the picture and study the 
red- and white-flowering garden peas 
for a moment. E 

Farmers and plant growers are in- 
terested in the colors of the blossoms 
of garden pea plants, because they are 
linked with the color of the peas that 
grow later. White-flowering plants 
produce the bright green peas that 
most people buy and eat today. Red- 
flowering plants, on the other hand, 
produce a grayish-looking pea that 
tastes as good as the green pea but is 
not as attractive. Since the attractive- 
looking peas are easier to sell, it is 
natural that most farmers are only in- 

terested in obtaining seeds for the 
white-flowering plants. 

Now suppose you were a plant 
grower, interested in growing only 
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white-flowering garden peas, not red 
ones. You would want to be sure that 
your seeds produced only white-flow- 
ering plants, not red ones. How can 
you go about getting plants that will 
produce seeds which will grow into 
white-flowering plants only? 

You might say that you would plant 
only the seeds that come from white- 
flowering plants. However, when you 
plant these seeds, you might be very 
much surprised. The plants coming 
from these seeds might produce either 
red or white flowers.® Soon you will 
discover why. 

This is a problem that plant growers 
are faced with all the time. They want 
to be sure that the se 
a seed packet will 


sh 


Say 


eds they sell in 


produce the plants 
own on the label. If the label is to 


“white-flowering,” the plant 
grower wants to be sure that only 


white-flowering pea plants will grow. 
If a consumer buys the seeds, he also 


expects to get what the label says. 


Crossing Plants for Color 
If the grower wants white-flowering 


plants, he starts with white-flowering 
plants. The seeds from the white- 
flowering plants may produce either 
red- or white-flowering plants. The 
reason for this is that a white-flower- 
ing plant may have been pollinated by 
a red-flowering plant. 
The oe then makes sure that 
the white-flowering plants are crossed 
with other white-flowering plants. 
He takes the pollen of one y 
flowering plant and places it on the 
pistil of the other wikia erent 
plant. A Then, as in the = e 
puts a bag over the flower. Why! 
and other insects collect pollen. The 
insects can carry the pollen to other 
flowers. That is, insects cam cross-po - 
linate (krés’ pol’ənāãt) flowers ee 
pollen from flower to flower). ip 
this way, it would be possible to pro- 
duce red-flowering plants. Placing 
the bag over the flower prevents 
unwanted cross-pollination. 


In this way the plant grower can 
produce seeds which he is sure of. 
Whenever he plants seeds labeled 
“white-flowering peas,” he is sure to 
get white-flowering plants. The seeds 


for white-flowering garden peas 
will have genes for producing only 
white flowers. To keep the plants 
pure, the plant breeder must make 
sure that red-flowering plants polli- 
nate red-flowering plants and that 
white ones are crossed only with 
white ones. Perhaps you would like 
to try your luck at cross-pollinating 
flowers. In the investigation on the 
following pages you will find out 
how. Try it yourself. 


stamen 


EN, 
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AN INVESTIGATION into Cross-Pollination of Petunias 
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Needed: tweezers; scissors; plastic 


bags; red and white petunias; a 
small brush 


Set up your own investigation into Cross» 
pollination. Here is the way one girl 
tried her luck at Crossing red and white 
petunias. 

With a tweezer, she opened the bud 
of a white petunia plant, and with a 
pair of small scissors, she cut off all of 
the stamens to Prevent the flower from 
pollinating itself.m Then she covered 
the bud with a plastic bag and waited 
for it to reach full bloom.e 

When the white flower was in full 
bloom, she remove 
the stamen of a red 
brush, as shown. A 

She then remove 
and brushed the 
the white flowe 
replaced the ba 
other pollen fro 

When the fl 
Moved the see 
Several very tj 
the pisti| and 
Place until the 
Planted the se 
until they gre 
Plant (in the 
of the req an 
look like? 
Do you n 


d some pollen from 
Petunia with a small 


d the plastic bag 
Pollen onto the pistil of 
'.@ She immediately 
8 in order to prevent 
M getting onto the pistil. 
Owers dried out, she re- 
d cases which contained 
ny Seeds from the base of 
Saved them all in a dry 
next spring. Then she 
eds and cared for them 
Ww into new plants. Which 
Picture) did the offspring 
d the white petunia plant 
® What is your prediction? 
eed further study? 
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Red Crossed with White 

What happens when a red-flower- 
ing garden pea plant is crossed with a 
white-flowering plant? 

First, it is important to know which 
color is dominant and which color is 
recessive. Here is one statement that 
will give you a clue. 

When a pure red-flowering pea 
plant is crossed with a pure white- 
flowering plant, the flowers on the 
offspring will always be red. This 
means that in garden peas the trait 
for red flowers must be dominant, and 
the trait for white flowers must be 
recessive, 

Let us call the gene for red flower- 
ing R and the gene for white flower- 
ing w. A pure red-flowering plant has 
genes for red flowers only (RR). One 
gene (R) was inherited from each 
parent cell. A pure white plant has 
genes for white flowers only (ww). 


PARENTS eT 


OFFSPRING 
i pure white 


Ww w 


pure red 


RR 


all red 
Rw 
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The capital letters (RR) show that 
the genes for red flowering are domi- 
nant. The small letters (ww) mean 
that the genes for white flowering are 
recessive, 

What would the genes be in a plant 
which was a result of crossing a pure 
red (RR) with a pure white (ww)? 

The pure red (RR) plant would 
pass on a gene for red (R). The pure 
white (ww) plant would pass on a 
gene for white (w). What color would 
the flowers of the offspring be? Study 
the diagram carefully. E Ask yourself 
this question: When a pure red domi- 
nant is crossed with a pure white re- 


cessive, what color will the offspring 
be? 


A Plant Made to Order 

For many kinds of plants, plant 
growers know how to get the 
they want into a new plant. First 
try to produce a plant pure f 
genes they want. Then they mu 
the pure plants 
red-flowering 
pure red-flo 
give 


genes 
, they 
or the 
st cross 
with each other, Pure 
pea plants crossed with 


y the genes that are 
wanted is needed. In this way, it is 
Possible to be fairly certain of the 
heredity of the offspring. 


BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 


A. Study the statem 

3 ents below and ch 

i oose the correc 
sponses. They will help you fix in mind the co nhs 
on ncepts of this 
1. To be sure that he will 
get the kinds of 

a plant breeder controls ee 

a. pollination b. growth 

© 


2. In garden pea plants, red flowering is dominant ov 
er 


white. When a pure red plant is crossed with a pure whit 
white 


plant, the offspring will be 
a. white bred 
3. A pure purple-flowering plant is crossed with a pur 
yellow-flowering plant. All the seeds produce purple fl PE 
so the purple flowering must be — 
a. dominant 
4, A pure black-furred guinea pig is crossed with a pur 
furred guinea pig. Gray fur is recessive. All the aoe 


b. recessive 


gray- 
will be 


a. gray-furred 


b. black-furred 


B. Write a paragraph or two on this topic: Dominance and 


Recessiveness. 


1. A rancher breeds cattle. è 
a. Why would he need to know what genes the cattle 


will inherit? 

b. Suppose 
on weight. He know. 
Why would he need 
ment as well? 

s have found that by careful mating, or cross- 
desirable traits can be carried 


he was interested in the way his cattle put 
s that they have genes for fast growth 
to be sure that the animals have a good 


environ: 
2, Scientist 
ing, of animals or plants, many 
on to the offspring. 
Why do dog bree 


or scotties, mate 0 


ders who want pure-bred dogs, such as 


spaniels, nly pure-bred animals with each 


other? 
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dominant recessive 


a 
4. Blending Traits 


Scientists learn more and more as 
they investigate, 


After Mendel had writ 
experiments in 1859, 
that genes were either 


ten about his 
it was thought 
dominant or re- 


ants is dominant 
Over white flowering, a 


Black fur in guinea 
Over gray fur. When pure black-furred 


gray ones, all the o 
furred. ® In chicke 


© 
_ A 
parents Sey 


pure black 


Pure gray 
BB ics cil gg 


offspring 


Bg 
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feathers are dominant over the genes 
for white feathers. What color are the 
offspring of pure red-feathered roost- 
ers and pure white-feathered hens? 
They are red-feathered, of course. 
All of this seemed very clear until a 
German scientist, Car] Correns, began 
studying another common garden 
flower. He was interested in how traits 
in “four-o’clocks” were inherited. 
Correns started growing and cross- 
ing pure red and pure white four- 


> 


o'clocks. He did not get the results he 
had expected, 


A New Concept 
When pure red 
crossed with white, 


are red. When 


pea plants are 
all the offspring 
Correns crossed pure 
red four-o'clocks with pure white 


plants, the offspring were neither red 
nor white. The offs 


What is the ex 
results? 


lend of a certain 


plant is crossed 
plant to give all 
d color is a domi- 


with a 


The white plant is recessive. There- 
fore, it is pure. Do you see why? 
White plants must have genes only for 
white (ww). If they had one gene 
for red (R), they would be red be- 
cause red is dominant. 

A pure tall pea plant crossed with a 
pure short pea plant gives all tall pea 
plants. Tallness is a dominant trait in 
pea plants. 

But: A pure red four-o’clock crossed 
with a pure white four-o'clock pro- 
duces all pink four-o'clocks. 

Neither red nor white is dominant. 
Scientists call this blending. 


The Pink Four-0’Clock 
Suppose you could look inside the 


cells of a pink four-o' clock, the flower 
that came from the crossing of a red 
four-o’clock with a white one. What 
genes would you find in each pink 


four-o'clock? 
You know what the color genes are 
hese could be 


in a red four-o'clock. T l 
written as RR. How will we write 
those in a white four-o clock? Write 


them as WW since they are neither 
dominant nor recessive to the red. 

A pure red four-o’clock crossed 
with a pure white four-o'clock results 
in a pink plant which has the genes 
RW. One gene (R) must have come 
from the red plant. One gene 
must have come from the white plant. 
The new plant must be RW—pink.& 
Notice that capital letters are Use 
for both red and white genes. Small 
letters are used only to represent genes 


that are recessive. 
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A Code from Parents 

All living things get their DNA 
code (their genes) from their parents. 
Geneticists (ja-net’a-sists), scientists 
who study heredity, have found this to 
be true again and again. They have 
called a living thing with two similar 
genes for a certain trait (red color, for 
instance) pure for the trait. When a 
four-o’clock plant has genes for red 
color (RR) only, it is pure for this 
trait. 

On the other hand, the offspring, 
the pink plant, has different genes 
(RW) for the same trait—color. Genet- 
icists call a living thing with different 
genes for the same trait a hybrid 
(hybrid). m 

A pure tall plant (TT) crossed with 
a pure short (ss) will produce hybrid 
tall plants (Ts). The hybrid has genes 
for tallness and genes for shortness. 
Pure red pea plants (RR) crossed 
with pure white pea plants (ww) will 


HYBRIDS 


Ts Rw 


produce hybrid red plants (Rw). In 
these hybrids, the gene for red is dom- 
inant. The dominant gene seems to 
cover (or hide) the recessive one. 

A pure red four-o'clock (RR) 
crossed with a pure white four-o'clock 
(WW) will produce hybrid pink 
plants. Neither gene is dominant. The 
genes seem to blend the colors. It 
seems then that there are two kinds of 
hybrids. In one kind, one gene seems 
completely dominant (Rw) and hides 
the other, the recessive (w). In the 


other kind, the genes are incompletely 
dominant (RW). 


Other Hybrids 


You may know of some hybrid ani- 


mals. Texas cattle have long been fa- 
mous for their beef. Unfortunately, 
they are highly Susceptible to Texas 
ever, which kills many of them. 
Brahman cattle are cattle that were 


developed in India. They are immune 
to Texas fever. 


When a Bra 


hman bull is crossed 
with a Texas 


cow, hybrid cattle are 


What about a mule? A mule, too, 
is a hybrid. It is the result of crossing 
a female horse with a male donkey. 
A mule is stronger than either parent. 

Hybrids, such as the offspring of 
the Brahman bull and the Texas cow, 
the mule, or hybrid corn, may be prize 
packages of genes. Geneticists, in 
breeding plants and animals, try to 


get the best of all genes into the off- 
ants and animals can 


spring. Thus, pl 
made more useful. 


be improved and 


BEFORE A. Study the 
YOU GO ON sponses. They 
section. 


1. The trait for red feat 
pure red-feathered rooster: 


hens, the result is 
a. only red- 


A a 


small golden ear 
(sweet) 


large yellow corn 
(not sweet) 


@ (large ear, sweet) 


statements below and choose the correct re- 
will help you to fix in mind the concepts of this 


hers is dominant over white. When 
s are mated with white-feathered 


feathered chickens 


b. only white-feathered chickens 
& rust-feathered chickens 


pure red four-o’clocks are crossed with pure 


2. When 
white four-o’clocks, all the offspring are 
a. pink awed 
b. white 
3. When white four-o'clocks are crossed with white four- 
o’clocks, the offspring are 
a. red c. pink 
b. white 
4, Pink four-o’clocks are 
a. hybrids b. pure 
5. When pure tall pea plants are crossed with pure short 


pea plants, all the offspring are 


a. hybrids 


b. pure 
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B. Write a paragraph or two on this topic: Heredity and 
Environment. 


USING WHAT 1. Hybrid animals and hybrid plants are important to us. 
YOU KNOW Name at least one hybrid animal and one hybrid plant. In 
what way are they important to us? 
2. Why are some hybrids often thought of as prize pack- 
ages of genes? 
ON YOUR OWN 


Mendel and Corr 
fects of the genes, The findin 


5. Changing the Code 


Perhaps you had a fresh orange to- 
day. Did it have lots of seeds or was 
it a seedless orange? 

Did you ever ask yourself how a 
seedless orange came to be? Since it 
has no seeds, one cannot plant seeds in 


seed from a seeded tree 
order to produce more seedless One explanation of why this hap- 
oranges. pened makes sense. Th have 
How did the first seedless tree come een some kind of roe m 
to be? The first one must have come genes. The Senetic code a have 
from a tree that produced seeds. It 


did. Seedless oranges come from or- 
anges with seeds. 
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Scientists now know that genes can 
change. Genes that change are called 
mutant (myoo’tent) genes. Seedless- 
ness in oranges and in grapes was 
caused by genes that were mutant. In 
other words, the genes for seeded mu- 
tated to produce genes for seedless- 
ness. Genes for seedlessness are prize 
genes. It is much more pleasant to eat 
a seedless orange. 

The picture shows a longhorned 
Texas steer. The picture is an old 
one, because the longhorned animals 
are rapidly dying out. One day a 
shorthorned animal, a mutant, was 
born. The gene for the characteris- 
tic long horns had mutated into a gene 
for short horns. 

Ranchers find shorthorned cattle 
easier to handle and easier to ship be- 
cause they do not hurt each other 
when loaded into close quarters. 

When animal or plant growers de- 
cide that a mutant is useful or more 


desirable, they try tO produce more 


plants or animals with the same mu- 


tant genes—if they can. 

Most orange growers would like to 
have many seedless orange trees. A 
seedless orange is much nicer to eat 
than an orange with seeds. People are 
usually willing to pay @ higher price 
for seedless oranges. 

Many years ago the firs 
tree was brought here fro 
Each year seedless oranges are be- 
coming more and more plentiful, be- 
cause plant scientists have developed 
a method for producing new seedless 


orange trees. 


t seedless 
m Brazil. 


Suppose you wanted to develop 
such a method; how can it be done 
with a seedless orange? You have no 
seeds to plant. 


Propagating a Mutant Plant 

Imagine that you are an orange 
grower and that you find a tree with 
seedless oranges. How would you 
produce more seedless orange trees? 

You may have taken a twig of a 
willow and tried to root it in moist 
sand, This method would work well 
with begonias, geraniums, and with 
many other plants. Yet it is not the 
best method for growing seedless or- 
ange trees. The best way of doing this 
is to make a twig grow on the roots of 
another tree. For the orange, a twig of 
the seedless plant is often grown, 
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branch from seedless orange tree 


plant growers Say grafted, on the root 
of a lemon tree, ™ This root is called 
the root stock. Notice in the top pic- 
ture a small branch has been cut from 
a seedless orange tree. The cut was 
made in the shape of the letter V, 

A young lemon tree is cut off at the 
root in the same manner. The second 
picture shows how the lemon tree was 
cut quite close to the ground, leaving 
only the roots and part of the trunk. 
The cut on the trunk is like an upside- 
down V. This prevents rain from get- 
ting in later, when the tree is grafted. 
The branch of the seedless orange 
tree is then grafted onto the root stock 
in its place. The graft is sealed, and 
cloth is wrapped around it to give it 
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support. This will now grow into a 
full-sized seedless orange tree. Each 
branch taken from the seedless tree 
can also be grafted to a separate root. 
Each will grow into another seedless 
tree. Then, later on, branches can be 
taken from each of these to produce 
even more seedless trees. 

By means of grafting, many seedless 
trees can be derived from one. Graft- 
ing is used to save the traits of a useful 
mutant and to get many offspring from 
the original plant. Perhaps you would 
like to try your hand at grafting by 


doing the investigation on the oppo- 
site page. 


Saving a Mutant Animal 


Saving the prize genes of an animal 
mutant is not so simple. Consider the 
mutant shorthorned cattle as an ex- 
ample. 

Genes for shorthorned cattle are 
prize genes because they produce a 
desirable trait which the ranchers 
want. Suppose one offspring from 
longhorned cattle has short horns. 
The cattle rancher must wait until it 


AN INVESTIGATION into Grafting 


Needed: a branch to be grafted; a stock 
root; grafting wax; string or strips 
of cloth 


One method that can be used is to graft 
a branch onto a stock tree in the early 
spring when the sap begins to rise in 
the trees. The branch and the stock 
tree must be closely related types, such 
as two kinds of apple, apple and pear, 
or orange and lemon. 
Remove a branch from the mutant 
tree by cutting diagonally, as shown. E 
Select a branch about the same size 
as the branch stock to which it is to be 
grafted. Cut the branch diagonally. 
Make a straight cut in the two parts 
that are to fit together, as shown-@ 
Insert the branch so that the letter 
“Nis formed. a Then wind a string oF 
cloth around the joint several times and 
tie it tightly. ® 
After the branc 
graft with grafting 
fin to keep it from dryi 
The new branch should become 
tightly fastened to the tree during the 
first summer. It should grow leaves and, 
possibly, fruit. What kind of fruit will 
it have? Suppose a pear branch is 
grafted to an apple tree. What will grow 
on the branch, apples or pears? 
On what evidence do you base your 
answer? What theory explains why 


grafting is possible? 


h is tied, cover the 
wax or melted paraf- 
ng out.* 


2 


a-<€ 


straight cut 


melted w: 


” 
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Parents 


offspring 
SI 


longhorn, the offspring is a hybrid 
having genes for both long and 
short. But the cattle rancher wants 
only shorthorned cattle. To do this, 
shorthorned cattle are 
times with other shorth 
herd of pure shorthorns 


crossed many 
Orns. At last a 
is developed, 
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A package of prize genes, then, can 
be saved in at least two ways. For 
plants, grafting is used wherever nec- 
essary and possible. For animals, the 
mutants are crossed to produce hy- 
brids until a sufficient number of mu- 
tants are born. 


Causing Genes to Mutate 

Scientists had been looking for a 
way to change the genetic code in 
chromosomes, Dr. Hermann Muller 
found a way. He changed the genes in 
an insect, the fruit fly.© Genes in 
which the code has been changed and 
inherited by the next generation are 
called mutations (myoo-ta’shonz). 

Fruit flies are easy to find indoors 
and outdoors, They are small enough 
to pass through Most screens, 

Collect some fruit flies in the late 
spring or summer. (The winter season 
is usually not a good time.) The in- 
sects will not hatch until the days are 
warm. Examine some fruit flies, as in 
the investigation on the opposite page. 


the ones you can 

collect. They were, however, pure for 
Certain traits. 
For instan 


ce, some had white eyes 
and others h 


offspring. What kind of 


AN INVESTIGATION into the Kinds of Fruit Flies You Can Find 


Needed: some raw fruit (bananas or 
grapes) or some stewed fruit; a jar; 
some cotton, cloth, and paper; a 
magnifying glass 


Put some raw or cooked fruit into an 
open jar. If you do this during the warm 
season, you may soon find tiny flies 
swarming around the fruit. Place some 
soft paper above the fruit to help keep 
the flies in the jar until you cover it. 
Once the fruit flies have begun to col- 
lect on the fruit, close the jar with a wad 
of cotton or cloth. This will allow air 
to get to the flies. Examine them with 
a magnifying glass.@ Are they all alike? 
Look at the eye color and the shape 
of the wings, for example. Perhaps if 
you keep them long enough, they will 
lay eggs. Then you may have a swarm 
of tiny fruit flies. Are they like those 


shown in the picture? A 
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long-winged 


Remember that Dr. Muller used 
flies which were pure for a certain 
trait, for example, for long wings. m 
He bombarded the flies with X rays. 
Then he examined th 
Among the offspring, he found mu- 
tants. Flies with genes for long wings 
only had produced offspring with 
short or even curled wings. The 
genetic code appeared to have been 
changed by X rays. Mutants resulted. 
Dr. Muller proved that X rays could 
cause mutations, or changes, in the 
genes. For his discovery, Dr. Muller 
received a Nobel prize. Since then 
mutations have been brought about 
in many experimental animals and 


plants by the use of X rays and other 
types of radiations, 


e offspring, 


60 million years ago 
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© FRUIT FLIES (highly magnified) 


short-winged 


curly-winged 

Change Over the Ages 
Scientists of today can cause genes 
to change, or mutate. Can genes 
change by themselves? Is there a nat- 
ural change, or mutation, going on in 
the genes of living things? There is 
strong evidence that animals and 
plants have not always been as they 
appear now. It is believed that the 
modern horse, for example, came from 
an animal that was no larger than a 
Over millions of years 
se (the “Dawn Horse”) 


genetic code for toes changed, that is, 
the genes mutated. The genes for size 
of body and skull also mutated. Over 
millions of years, many mutations 
resulted in the modern horse. A 

Ages ago, huge dinosaurs roamed 
the land. You may have seen pic- 
tures of the many kinds. How could 
different kinds of dino- 
d explanation 
ult of muta- 
llions and 
died out 


so many 
saurs come to be? A goo 
is that they were the res 
tions taking place over mi 
millions of years. Then they 
over 60 million years ago- 
Scientists believe that many new 
forms of animals and plants have re- 
sulted from mutations in genes. In 
other words, the changes which have 
occurred in living things, over mil- 
lions of years of time, are the result of 


changes in genes. 
Not all mutan 
most mutants die out. 


ts survive. In fact, 
Why is this so? 


Suited to the Environment 
Each kind of animal and plant 


which exists on earth has lived for a 
long time in its surroundings. For in- 
stance, a fish lives in water. It uses its 
gills to get the oxygen which is dis- 
solved in water. Suppose the genes 
which produce the gills mutated, an 
a fish without gills is born. It will die 
because it cannot get oxygen An ani- 
mal or plant is adapted to live in a cer- 
tain environment or it will die. 
Sometimes a certain environment 
changes, and the living things are not 
able to survive in the new environ- 
ment. One theory that may explain 


60 million years ago 


A 


I 


why the giant reptiles, the dinosaurs, 
died out is the following. The dino- 
saurs lived in an environment that 
was fairly moist. Slowly, over millions 
of years, the land began to dry out 
and change in many other ways. The 
plants changed. The food supply 
changed. In any event, the dinosaurs 
died out. It seems as if the changes in 
the dinosaurs did not keep pace with 
the changes in environment. Perhaps 
the genes did mutate but not in a way 
for dinosaurs to survive. 

Some mutations help the animal or 
plant to live better in the environment, 
but some do not. Sometimes mutations 
make it possible for the organism to 
survive in a changing environment. 
Perhaps this can explain the changes 
that have occurred in the horse. 
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BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 
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A. Study the statements below and choose the correct re- 


sponses. They will help you fix in mind the concepts of this 
section. 


1. Shorthorned cattle probably arose as 


a. mutants b. hybrids 


e saved by 
b. planting 


2. A seedless mutant tree can b 
a. grafting 


animals (nonmutants ) to produce 


a. pure animals for a trait desired 
b. hybrid animals for a trait desired 


4. Mutants in fruit flies were Produced by Dr. Hermann 
Muller by using 
a. X rays b. grafting 


5. The evidenc 


e shows that ani 
changed over mil 


mals and plants have 
lions of years. The 


changes in genes were 
due to 
a. mutation b. hybridization 
6. When certain kinds of living things like the dinosaurs 
die out, we Say they were 


a. not fitted to the char 


: aging environment 
b. a prize package of g 


enes 


@ ENVIRONMENTAL CHANGE’ 


AYR 


underdeveloped tail tail cut 


se . 
fully developed tail 


6. The Search for Prize Genes 


Suppose you are à rancher who 
wants to improve his herd of Here- 
fords (htx’fardz). These are the fa- 
miliar white-faced cattle which are 
bred for beef. 

Suppose, too, that on your ranch, 
a new bull calf is born. As he grows, 
you find that he is different from every 
other bull in your herd. He is white- 
faced, and he has a red coat like the 


other Herefords; but he is hornless or 


polled (pdld), as cattle raisers call it. 


He is not just shorthorned. He is truly 
hornless. What a prize! Horns of 
any kind are troublesome when cattle 
are being shipped. 
You might suspect t 
tant and that the gene 
have changed to genes l 
Does he really have prize genes wi 
him or is his lack of horns the result of 


hat he is a mu- 
s for horned 
for hornless. 
thin 


A MUTATION OF GENES 


AH 


mutant no tail ully developed tail 


offspring no tail 
dominant mutant gene 


his environment? Perhaps he just has 
not developed like other bulls. 

When animals do not develop as 
they should, they may not have their 
horns or they may be born without 
tails (as shown in the picture); but 
they may still have the genes for the 
trait which did not develop. 

The offspring of the toy bulldogs 
has a normal tail because his parents’ 
tails were stumped by environmental 
causes.® No change in the genes took 
place. One of the Manx cats, on the 
other hand had a mutant gene for “no 
tail,” which was inherited by the off- 
spring. A 

There is only one possible way to 
make certain that a gene has mutated 
and that is to look at the offspring of 
the animal we think is a mutant. If the 
gene has really changed, then the mu- 
tant trait may show up in succeeding 


generations. 
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A Prize Gene—Hornlessness 

Not long ago, a rancher in Iowa 

found that a prize mutant had been 
born on his ranch, a polled Hereford 
bull. He wanted to build an entire 
herd of polled Hereford cattle. How 
could he do it? He had only one polled 
Hereford bull, and he desired to raise 
an entire herd of polled cattle. He de- 
cided that he needed help. He sent 
out letters to 25,000 ranchers who had 
been raising Herefords, asking if they 
had any polled cattle that he could 
use for breeding. In this way he found 
four more mutant polled bulls and ten 
mutant polled cows. 

He crossed polled bulls and polled 
cows. The offspring were all polled. 
When these offspring grew up, he 
again crossed them, and again he got 
polled offspring. Was the gene for 
polled dominant or recessive? How 
would you find out? The cattle raiser, 
or cattle breeder, found out in the 
following way. 
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He crossed polled cattle with 
horned cattle. All were Herefords. 
The only difference in them was that 
some were polled and some were 
horned. 

If the genes for polled (hornless) 
cattle were dominant over the genes 
for horned, what would the offspring 
be? On the other hand, if horned were 
dominant over polled what would the 
offspring be? All the offspring devel- 
oped as shown in the picture— 
polled. In this way, one rancher de- 
veloped a herd of polled Herefords. 

Today the polled Hereford is one of 
the most popular kinds of cattle. They 
range in Canada, South America, Aus- 
tralia, and in other countries, In the 
United States alone there are over 
50,000 registered Herefords. “Regis- 
tered” means that their breeding 
(their inheritance with regard to cer- 
tain genes) is known. 

In other words, the genes of regis- 
tered animals are known. They are 
Prize packages of genes not only for 

ornlessness but also for good beef 
production, Today, however, the 
Herefords are being challenged for 
beef Production by another breed of 


American cattle. Tt all began with a 
bull named Monkey, 


The Story of Monkey 


Cattle ranchers have always been 
Searchi 


Crossing American Brahman bulls 


CN 


(shown in the picture) with Texas 
shorthorned cows. They were trying 
to produce cattle which not only had 
better beef but which also were re- 
sistant to certain diseases. They also 
wanted cattle which could stand a hot 
and dry climate. 

In 1920, Monkey was born on the 
famous King Ranch near Kingsville, 
Texas. Monkey had prize genes. Mon- 
key was one of the ancestors of the 
prize bull you see in the picture. © 
This bull is one of the Santa Gertrudis 
(santa gar-trud’is) bulls. 

The Santa Gertrudis cattle are fast 
becoming the most important beef- 
producing cattle in the country. Look 
at the Santa Gertrudis bull; he is 
strong and able to endure a dry, hot 
climate. He is a prize package of genes. 


Prize Genes in Plants 

Mutants also occur in plants. The 
Katahdin potato is the result of cross- 
ing many different strains, or kinds, of 
potatoes. Some strains of potatoes 
that were crossed had genes that had 
mutated so that the Katahdin inher- 
ited a resistance to some diseases 
(such as potato blight). Potato blight 
once wiped out almost the entire crop 
of potatoes in Ireland. 

“wilt” in tomatoes is a disease 
which causes the leaves to wilt and 
the plant to fall over. The leaves of 
the tomato plant turn brown and can 
no longer make food. The plant dies 
before it can produce any tomatoes. 

There is a similar disease which 
causes the cotton plant to wilt. Plant 
geneticists searched for tomato and 
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to a healthy plant, th 
looks dried out. m 
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Resistance to disease often can be 
traced to genes. For instance, the 
strain of wheat known as Rival wheat 
has genes for resistance to rust disease. 
Scientists produced the Rival strain 
after crossing American and Canadian 
strains. There are now strains of 
wheat, corn, and oats that have genes 
for resistance to rust bred into them. 

Desirable plants and animals are 
Prize packages of genes. Next aa 
you go to a food market, take a loo 
at the fruit and vegetable department. 
You may see boxes of giant red straw- 
berries or blueberries as big as 
marbles. Look at the bin of large mild 
Bermuda onions and the firm cab- 
bages. Almost all the fruits and vege- 
tables you see have resulted from 


cross-breeding of plants with prize 
genes, 


animal (Hereford cattl 
horses) or plant ( Potatoes, apples 
forms of these animals oy plants 5 


How can you find out which k 
There are many 


a. If you live 


ghorn chickens, quarter 
J- Perhaps there are new 
eing produced. 


5 : 5 
ind you are interested in! 
me. 


to the county agent. 
b. If you live in the city, 


7. The Main Concept: 
The Genetic Code 


The seed of an oak tree, the acorn, 
is planted. When conditions are right, 
the roots and the stem begin to de- 
velop.e Whether it grows to its full 
height or is stunted depends on the 
kind of soil and the minerals in it. It 
also depends on whether the plant has 
enough water and sunlight. 

Whether the tree is to be a maple or 
an oak depends on the chromosomes 
in the nucleus of its cells. More than 
that, the chromosomes pass on special 
traits: the shape of the leaves, the col- 
or of the bark, or the shape of its seeds 
and fruits, 

The DNA molecule in the chromo- 
somes of the nucleus carries the code, 
the “message,” which determines 
what traits the organism will have. 
The environment plays a great part 
in determining how these traits will 
develop in the organism. Leaves from 
any tree may have about the same 
shape as those from a sassafras tree, 
shown in the picture. © They may be 
arge or small, deep green or light 


green. There may be many leaves or 
few, depending on the soil, water, and 
sunlight the tree gets. An organism is 
the product of its heredity and the en- 
vironment in which it develops. Both 
are important to its growth and ap- 
pearance. This is a major concept. 

The concept just stated is true of 
oaks, maples, roses, horses, dogs, cats, 
lions, frogs, kangaroos, and raspber- 
ries. It is true of all of us. There is one 
great difference, however. We can un- 
derstand that we are the product of 
our heredity and our environment. 
We can try, therefore, to provide the 
best environment. The good traits we 
have inherited from our parents will 
then develop to their fullest. It is not 
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parents 


child 


much use to inherit genes for a trait, 
such as height, without also being sure 
that we eat the right food, so that we 
can develop as well as possible: nor is 
it much use to inherit high intelli- 
gence without making sure that we 
use our intelligence through study 
and learning. 

The story is not as simple as it 
sounds, however. Even the codes in 
the chromosomes produce different 
results depending on the combinations 
of genes which are inherited. A four- 
o'clock has red flowers only when it is 
pure for red flowering. It has white 
flowers only when it is pure for white 
flowering. It is pink, however, when it 
is a hybrid—that is, when its inherited 
code is for both red flowering and 
white flowering. 

Scientists are just beginning to 
learn of the inheritance of human 
traits. Physical traits such as eye color, 
hair color, shape of body, height, fea- 
tures, and skin color are all coded in 
our chromosomes. The way some of 
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these traits develop is affected by the 
environment. Eye color does not 
change because of environment, but 
the size of the body depends on what 
we eat, as well as on heredity. The 
way we do things depends not only on 
our intelligence (which is inherited) 
but also on our education. Thus, what 
we learn, how we learn, or the way we 
learn is a result of both our inherited 
intelligence and our environment 
working together. 

The investigations that scientists 
have made of the DNA molecule 
within the chromosomes and their 
study of the way chromosomes are 
transmitted from parent to offspring 

ave made it possible for scientists to 
improve plants and animals. The 
work of a geneticist takes a long time 
but can be very successful. Now there 
are hens which lay an egg a day; 
there are ears of corn that are twice 
the size and much sweeter to the taste 


than those produced by corn plants a 
few years ago. 


A farmer of 100 years ago would be 


ee, in the code of the 
A molecule, the clues 
h as these: 


Vhy is it tha ; 
p t the ' re 
like the parents? offspring a 


Clearly, offspring get their traits 
from their parents. A dominant gene 
which both parents have, such as the 
trait for black hair, is likely to show 
up in the children. This is shown in 
the diagram. E Do you know any chil- 
dren who seem to be very much like 
their parents? 

2. Why is it also possible that the 
offspring can be somewhat different 
from their parents? 

Suppose that both black-haired par- 
ents have inherited the recessive 
genes for blond hair as well (as in the 
diagram).@ Then it is possible for 
their child to have blond hair. 

Thus it is possible for a child to 
show traits different from those of ei- 
ther parent. Do you know any chil- 
dren who have differences from, as 
well as similarities to, their parents? 

3. How is it possible that living 
things have changed over the mil- 
lions of years of the earth’s existence? 

We know animals and plants have 
changed over millions of years. The 
horse, as you have seen, has changed 
in many ways. Dogs and cats are very 
different from their ancestors of long 
ago. Dinosaurs no longer exist on 
earth. No one is exactly sure how or 
why these changes took place. 

The scientist's explanation is that 
the genes must have mutated. Those 
living things whose mutant genes 
helped them adapt better to their en- 
vironment survived. Those organisms 
whose mutant genes did not fit them 
to their changing environment died 
out. 


Fp 


bb DD 


Over millions upon millions of years 
organisms have changed. This is one 
of the major concepts of science. Ev- 
erything has changed. The earth has 
changed. Organisms have changed. 
Some species of plants and animals 
have died out. Some have become 
much stronger and heartier, while 
others, such as the turtle, seem to have 
changed more slowly. 

The life of the past gave rise to the 
life of the present. Living things have 
changed during the millions upon mil- 
lions of years the earth has been spin- 
ning around the sun. 

What about the future? Will 
changes in the universe continue to 
take place as they have in the past? 
What is your hypothesis of how living 
things will have changed 100,000,- 
000 years from now? Base it upon your 
knowledge of how they have changed 
in the past 100,000,000 years. Even if 
you can develop a sensible hypothesis, 
are you likely to witness the proof? 
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Fixing the Main Concepts 
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TESTING 


Test your understanding of the important concepts in this 


YOURSELF unit by doing these problems. 


1. Recall that a theory is a reasonable explanation of the 
facts. Which of these theories on the way we inherit our 
traits would you accept? 

a. Living things inherit their traits through the blood. 


b. Living things inherit traits through chromosomes. 
Give reasons for your answer, 


2. Which of these theories w 

a. Living things have 

tire time of the earth’s exist 

b. Living thin 
earth’s existence, 


ould you accept? 


remained the same over the en- 
ence, 


gs have changed over the time of the 


Give reasons for your answer, 


3. A yellow-flowering plant is crossed with another yellow- 
flowering pla 


nt. Only yellow-flowering offspring are pro- 
duced. 


What is your explanation of the results? 


a. red is domina 


nt; white js recessive 
b. neither gene 


is dominant nor recessive 


QUICK TEST 1. Both Mr. and Mrs. Brown are good cooks. Their daugh 
ter, however, is not a good cook. Being a good cook is a i 
a. trait in the genes b. part of learning 


2. When red-eyed fruit flies are crossed with red-eyved fruit 
flies, all the offspring are red-eyed. For the trait for red eyes, 
both parents were 

a. pure b. hybrid 

3. In another case, red-eyed fruit flies are crossed with red- 
eyed fruit flies. Some of the offspring are white-eyed, while 
others are red-eyed. The parents were f 

a. pure b. hybrid 
4. Experiments on mutation were carried on by 
a. Gregor Mendel b. Hermann Muller 


The Earth for Sam, by W. Maxwell Reed, published by 
Harcourt, Brace & World, New York, 1960. f 
This is the story of the earth’s past life. The book tells how 
mutations take place and how living things have changed 


FOR YOUR 
READING 


through mutation. 


Trace an inherited trait which is characteristic in your own 


ON YOUR OWN 
family. For instance, you might trace the trait “dimples,” or 


“red hair color.” 
Consult with your parents, and make a chart of your “fam- 


ily tree” as far back as they can remember. Indicate by the 


name of each person on the “tree” whether or not he or she 


possessed the trait. 
Decide now what trait you plan to trace. 
Why is it called a “family tree”? The chart really should 


look like a tree, with you as the trunk. The first two branches 
are for your parents; the next four are for your grandparents. 
There are eight branches for your great-grandparents, and so 


on, and so on. 
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CONCEPTUAL SCHEME 


The universe is in constant change. 


(Text pages 364402) 


UNIT CONCEPT 
Nuclear reactions produce the 
radiant energy of stars, and con- 
sequent change. 


A Preview of the Concepts 


Unit Nine 
STARS AND STARLIGHT 


2 i it z N jation, 
With this final unit in their text, the pupils arrive at an appreci 


an 
the fullest possible at this level of study, of the capacities of the buen 


. i arent 
mind to comprehend the immensity of the universe and the app 
order in its constant change. 


A VIEW OF THE UNIT 


There appears to be or 
to observe and measure. 


ation of science and of life itself, sis 1” 
The source of energy in coal and oil goes back to photosynthes™ 


n 
any ages ago. And the energy for a i 
's energy comes from a nuclear Fe? 


nt to support life on this planet 
Surprising, but how is thi onstant $ er 
energy maintained? Pupil oe Oe Hele te thia 


5 
Ow combining of atomic nuclei releass st 
er, again, can be changed to enee itt 
and energy remains unchanged. P? cec- 
me* (page T-150) is found to apply. Thus, yan ee 
ntinue to enlarge upon the concept of energy © 


of matter 
prediction that E = 


tion 1, the Pupils co: 
they have acquired, 
The sun, however. 


: pich 
> is but one of be 
hydrogen is bein: rane ma 


ny bodies in space 1? ents)’ 
(and perhaps other eler cor" 
ese requires knowledge on oP 
esses (energy convers! a 088 
s to send radiant energy “jave 


ARD 
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a star may be, It is also an index, as is seen in a later section, of the 
age of a star and its energy potential. 

Light from the stars can give us more information, other than the 
amount of energy they produce. Light can be collected from the far 
in be space, and we can tell with great accuracy the number of 
‘ni = the distances between them. So we gain understanding of the 

ness of the universe. 

oe sy often, a startling and unexpected 
Pile universe, A star explodes! Why? How jot n 
€ events to be noted by keen-eyed astronomers equipped with light- 
Sathering telescopes? What do these events mean? Even these events can 
Rene by the concepts of pressure and kinetic energy of particles 
alh Te Blow upa tire beyond the capacity of the outside wall to con- 
the ine oe it literally explodes, just as a supeTnova may explode. But 
ae on ucts form a new galaxy over eons of time. If the tire has a slow 
Since oe with the earth’s safety valve ina volcano! ), it can be con- 
a model of the star that quietly subsides as its hydrogen is ex- 


auste; ear ° . 
“usted. Then the star becomes cold and invisible (not like the tire of 
Course! ) 


event happens somewhere 
? Why are there not more 


eeded to understand our uni- 


Other k i 
her knowledge—other evidence—is n 1 
re are they heading? We gain 


Verse 
evident do bodies in space move? Whe shee ag gaini 
of light rom understanding the Doppler effect. The shift in oe oe 
cate th Waves to the red end of the spectrum (Section 5) seems to indi- 
Space E many of the galaxies in the universe are rapidly rushing off into 
ře td ut the universe is not just one galaxy, but many; hence there 
Motion. p motions to consider—elliptical; or orbital; as well as ene 
| gen to i upils finally put all these concepts together sion o kaii 
Otion nelium with the production of energy, the number of stars, their 
the 4.8 toward or away from a center, their motions around a center, 


$ i . 
'spersion of the mass of a star by explosion (novas and supernovas ), 
attraction or fusion of the products of the explosion to form new 
n of these concepts evolve 


ars a. t 

ji eos star clusters—and from the combinatio 

n deo of the universe. It is obviously changing, and it’s going to keep 
anging. How can we face change with confidence? One simple 


Teas 
hy nthe changes are predictable, because we understand how, if not 
iF: ey take place, . 
i ere were no change, the universe would be like the castle of Sleep- 
ing ee in the fairy tale. During the year the pupils have been study- 
throy tig In fact, this has been the theme of their science course 
of all i Out the grades. Change is the expected way of life—of all matter, 
Ving things, of the universe. Confidence in the future rests in un- 


de 
Tstan, 
ing concepts of change. 


Up 
AR CEMENTARY AIDS 
| ateq oe and filmstrips are in color unless 
Junior high school level are somew 


otherwise indicated. Those 
hat more advanced in con- 


P 


Rag 
HIN 
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Novas and Supernovas 


The Constancy of Change 


Films 


Pilmstrips 


ames and ad- 
ceptual development, but suitable for most classes. Full names a 
dresses of distributors and suppliers are on page F-26. 


. f 

4 : <inds 0 

Outer Space (13 min., sound), Cenco, 1963. Describes the different KMI h 

stars, the color of stars, grouping in constellations and palas, medi 
telescope has given this information to man. (Inte 


eleased from the 
The Sun’s Energy (12 min., sound), Cenco, 1963. Energy released i other 
sun makes life possible on the earth. Today, through solar — on 
devices, man is seeking new and better ways to use the energy 0° liate 
i i (Intermec! 


: EBE 
Frontiers in Space (Exploring the Universe with Telescopes) (11 ch alo- 
Describes how telescopes work and shows the Hale Telescope, Mo 


tars are obtaine 
mar Observatory, in operation; shows how data about the stars are diate 
and analyzed. (Interm 


15 

? anets helps © 

A Trip to the Planets (15 min.), E.B.F. Imaginary trip to planets how th 

examine the composition and structure of our solar system; nee jate 
sun produces its enormous energy. (inte 


k- 
tie e wor 
The Sun and Solar System (12 min., sound), Cenco, 1963. Dešëiibe eet dif- 
ings of our solar system and the characteristics of the different P 5 here: 
ference in size, number of moons, speed of rotation, and their atmosP diate: 
(Interme 


Universe and Space ( 


5 
astne® 
of the universe as 


37 frames), McGraw-Hill, 1957. Explains the i od- 
measured in light-years; luminous and non-lumir o Me 
ies, Milky Way galaxy, Newton’s theory of gravitation. Pictures h ediate) 
Wilson and Palomar Observatories. (inte 


photo% 
The Stars and Outer Space ( i 


61 frames, sound), S.V.E., 1965, Colored 
raphy shows the colors of 


3 : i t-yea 
Stars; galaxies etc.; what is meant a lign nedinte) 


65. 
The Moon and Its Relation to Earth (60 frames, sound), S.V-E> n 
plains why the moon h 


aa À from t he 
j as no atmosphere, its size and distance f! 
what is meant by a gi 


sate) 
ni 
bbous moon, (Inter 


hy 
iris w j 
The Earth and Its Movements (53 frames, sound), S.V.E., 1965. Expla eat 
the sun seems to rise in the east and set in the west; the rotation © e te) 
movements of the bodies in the solar system. (intem pe” 
Mount Wilson and Palomar Telescopes (30 frames black-and-white)» jectink 
1961. Photographs show these telescopes and explain principle ° re pie? 
telescopes. (juai? how 
ni 
The Universe in Color (50 fr 


$ 
ames), E.B.F., 1961. Color photograP rs os A 
of red, blue, yellow, and green, as the f ig 
of supernova; explains light-year. Gus 
Nebulae (30 frames, black-and. of y) 
mar explain the variety of lae, bright and dark. Gives theory -pig 
new stars are formed. gun? 


nebulae radiating traceries 
thrown off. Shows forming 


r 
se 
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ka Travel A.D. 2000 (52 frames), S.V.E., 1960. Shows that astronomy is 
o space travel as geography is to earth travel. Development of types of space 
craft; new forms of power under study—such as nuclear energy. What other 

worlds might be like and relative distances. i (Junior High) 


Conditions in Space Travel (35 frames), Jam Handy, 1962. Explains the dif- 
ference between atmosphere and space; compares the effect in the atmo- 
sphere and in space of sound, moving bodies, light, and temperature; explains 
cosmic rays and Van Allen radiation belt. (Junior High) 


Starred (°) titles are especially recommended for reading level and Science Reading Table 


con . i i 
me ts oat development. Other titles are good for special sections or 
li : i 
ed readings. Names and addresses of the publishers are on page 


Color in Your Life by Irving Adler, John Day, 1962. An account of the basic 


a of color and how it works. A thorough treatment of the subject with 
di. nuing reference to familiar objects and circumstances. Contains many 
iagrams and a color section for study of the phenomenon of after-image. 
(Advanced, but suitable as reference for average readers on selected topics.) 


Discovering Chemistry by Elizabeth K. Cooper, Harcourt, Brace & World, 
i 3D An introduction to basic concepts of chemistry. Material is included 
ous j common elements, atoms and molecules, formulas and symbols. Vari- 
wiht gations to be conducted in a home or school laboratory are de- 
ibed. (Average) 


Erioni 
faa in Sound by Nelson F. Beeler, Crowell, 1961. The science of 
‘teas = is explored by a variety of investigations. These are explained in 
tical 9 the theories advanced by similar experimentation by scientists. Prac- 
al applications of principles of acoustics are described. (Advanced) 
. Doubleday, 1958. Recounts man’s ideas 
odern theories. Includes 
prominences, and flares. 
(Average) 


` 

Explor; 
nt the Sun by Roy A. Gallant ib 
material ¢ sun from his earliest superstitions to m 
a a on the birth and death of the sun, sunspots, 
uence of the sun on the earth is described. 


Fun w: 
With Chemistry (paperback) by M 


ervic, 
Seber 1962; distributed by TAB Books, 
ished by arrangement with Random House. Describes how to make a 


“ace holder and other chemical equipment, including a measuring glass 
ions meee The rest of the book gives directions for 26 chemical investiga- 
an SmE hand-made and other simple equipment. Photographs accom- 

Y each investigation. (Easy) 


"P 

a 
fg Stars and Space by Joseph Miles Chamberlain and Thomas D. Nichol- 
ape: Educational Society, 1962; in cooperation with the American 
jects, fy of Natural History. Provides an overall perspective of celestial ob- 
hem Bi the earth to the outer galaxies. Full-page photographs, many of 
ilson om the American Museum-Hayden Planetarium, and the Mount 
and Palomar Observatories, help the reader to understand aspects of 


UNivers, i 
verse he cannot see with his eyes alone. (Advanced, but suitable for 
reference by average readers on selected topics.) 


ae and Ira Freemen, Scholastic Book 
a division of Scholastic Magazines; 


~ 
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(Text pages 366-71) 


SUBCONCEPT 
Nuclear reactions are the source of 
the sun's energy. 


Processes emphasized 


Observation and analysis 

Investigation (with design of 
experiment) 

Hypothesizing 

Theorizing 

Prediction 

Development of models (mathe- 
matical and theoretical) 


ates: 

The Stars by H. A. Rey, Houghton Mifflin, 1962. The first gente Te 

“This book is meant for people who want to know just enough about he met? 

to be able to go out at night and find the major constellations, for wie the 
pleasure of it.” The rest of the book describes a new way of mapP 


(Advance? 
night sky and of finding one’s way about in it. 


era 
°The Sun by Herbert S. Zim, William Morrow, 1953. Describes size, temp 
ture, source of energy, sunspots, 
upon the sun for food 
planation of known fa 


cy 
"5 dependen 
and coronas of the sun. Man’s dep 


* Xe 

g ist in ® 
and energy is included. Many illustrations (advance ) 
cts and theories. ( 


> INTRODUCING THE UNIT 


mM, 
; t the 
on a clear night? You can’t coun 


stat 

500 will be pretty close.) How imany radio 
e with the largest telescope—or with ve o 
ars” because of the radioactivity they z pe 
them? The answer will surprise your ati 
Milky Way galaxy, not counting other a im? 
that may be even larger. What is a star? Can you name one = How 
Portant to you? Of course, it’s the sun, as every pupil should KR ot er? 
er stars? Larger? Smaller? Hotter! ove“ 

other stars are? How do they ™ a 
do they? Are all these alaxies in the universe always the 4 
or are they changing? e know? these 
ely in answer to such questions e revi 
t the end of the unit, or encouras you 


-an Doy 
s from time to time by asking: 


Section 1: ENERGY FROM A STAR 
The pu 
fusion 


: , dying 
Dis begin their study of changes in the universe by S 4 s 
pan 

nuclei of 


a 
i ees rgy 
uclear reaction in which matter is converted into energ 
atoms combine to form nuclei of another element. 
Introducing the (= 
Hold up a 
The 


oncept paw el? 
y glass of water and a lump of coal, Which of these i them * 
answer is obvious, but let us look at these and think sag s with 

a " ‘ 
@ppens when fuel burns? (It comb! pat 3 


o we ? dioxide.) pind 
water made of? (Hydrogen and Soe cen . 
4 n 
1 $ k we could get water from burning hydros? roge” 
all, oxygen is combining in both cases. Where can we get some a vesti- 
s do the investigation on text page 367, and ther 

gate some new questions, as o 


T- 180 


W ; r 5 
mee can take atomic nuclei apart (Unit Seven); can we put atomic 
ei together? If so, what do we get? A different form of matter? 


Energy? Or both? 


D . 
e aning the Concept 
ydrogen in a chemical change. The investigation suggests using di- Atoms combine to make molecul. 
olecules 


ae mbit acid. It would be best to prepare only a small amount in in a chemical change; molecules 
oe “pes handling of concentrated sulfuric acid or having it where can be separated into the elements 
ne accidentally tipped over is not recommended for the elemen- 9f Which they are composed. 
sulfate ed classroom, You may use, instead, a small amount of sodium 
tira j provide the conductivity needed for passage of the electric Equipment and Materials 
ttle t hrough the apparatus. After pupils have tested the second test |, sodium sulfate 

Or oxygen with a glowing splint and have noted that it bursts into 
‘ame, you r i: & < F ae il 
to unde 1 might ask: Is the oxygen burning? Pupils should be sure 
with h ea that the oxygen is not itself burning, but that it combines 
that is oe in one instance and with carbon in the wood in the other; 

S, that oxygen supports combustion during oxidation. 


pupils are not familiar with chemical formulas, help them see that 
combined to form 1 molecule of 


2 


2 an è: Z 
aa d Os indicate that 2 atoms have 
ompound. In a chemical change only electrons are involved. 
hemical react; i ‘ i 
mical reactions and nuclear reactions. Where have we studied nu- In nuclear reactions, the nuclei of 


of ag actions before? (Unit Seven—splitting of uranium. ) What kind atoms are divided (fission) or com- 
get te ion is this? (Fission, The nuclei have been split apart.) Do we bined (fusion). 
Oss in ie amount of matter in this reaction? (No. There has been a 
to reyi he combined atomic weights; a loss of mass.) It may be useful 
T-l49 ao the New View section beginning on page 321 (see also page 
cal =i lace the following diagram on the board, adding the numeri- 
les as you bring out the concept of fusion through discussion. 


hydrogen 


loss=0.028 
changed to 
NUCLEAR ENERGY 


total weight=4.032 


Pupile «: 
will note that 4 protons from the 4 hydrogen nuclei have become 
Otons and 2 neutrons in the helium nucleus, and that 2 electrons 


T- 181 


TEAC 
HING SUGGESTIONS 


Great energy starts a fusion re- 
action; great energy is released. 


In a fusion reaction, some matter is 
converted to tremendous energy. 


nergy, 

have disappeared. These tiny particles have become a form oe 

but the amount is not significant because of the extremely sma fats 

of an electron. In fusing, the hydrogen atoms produce a ene” 

amount of energy. Why is hydrogen sometimes called the fuel of t R 

How can fusion take place? No matter what you do in a pe in 
you can’t get hydrogen nuclei to fuse. It has been done on earth on’ 


the hydrogen bomb, 


and a fission reaction was necessary to win oe 
fission explosion may generate as much as 100,000,000 degrees © nergy 
Somehow this heat causes hydrogen nuclei to fuse, (Because heat € mi 
triggers fusion, fusion is often referred to as a thermonuclear eee oot 
A great deal of energy has to be put in. Where does this energy Josion 
from? Pupils should recall that some of the matter of a fission exp adi- 
is converted to a tremendous amount of e 

ant energy). In a fusion 
How do we know? What 


è d r 
nergy (heat energy an nergy: 
. . me rte e 
reaction, matter is also converted to 


; Tey 
5 s ene 

are some of the things that the sun pillionth 
makes possible on the earth, even though we receive around one 


of this energy? (Photosynthesis, evaporation, even sunburn! ) poard, 
The mathematics of fusion. If you have placed the diagram on he mits 
page T-181, you may wish to place the atomic weights (mass 
under the representations of the atoms, as the pupils give them 
The atomic weights are given in the diagram in decimals to three te in 
If pupils do not understand decimals, you may wish to re : 
hundredths and thousandths as you write the figures on the chal 


: at the 

With less able pupils, it may only be sufficient for them to see 

figures are larger for 4 atoms of hydrogen than for 1 atom of he oth 
Has matter bee 


» total O 
tgy been gained? Is the to 
the same after 8y g 


to you. 


7 = me^ 
. Place Einstein’s formula, E r q-150): 
the chalkboard, in review of the New View section (see page ptained 
Scientists, after careful calculatio 


0 
nt 
amour 
struments, have found that the 4 


u 
equal to the figure arrived at by $ 
e formula. ses about 
ng will the sun last? The sun 105 put 15 
ery second in producing a 
will still have 99.9 per cent of its 


its matter ev 
now the sun 


Extending the Concept 


e 

i + pag 
Fusion models. Cutouts may be made to model the diagram On pals 
369. Or a three-dimensional model may be made with Styrofoa™ ive" 
and wire. Encourage inventiveness i 


off by the reaction. n the representation of energ” 

Heavy water. Hydro 
rium (with 1 neutron 
dents may investigate 


te 
deut? 
gen has three isotopes: regular hydrogen i 
), and tritium (with 2 neutrons). I avy ia 
n in reference books why knowledge of “hea uref 
ter” was an important se 


f eet 
: cret in World Wa ; did Dr. Hat 
contribute to knowledge in this area? ae IL, Mow 
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Reviewing the Concept (Text page 371) 
Before You Go On. A. l.b 2a 3.a 4a 5.a 6 b 


Using What You Know. 1. Fission is the splitting of atomic nuclei; fusion 
is the combining of atomic nuclei. a. Fission. b. Both; fission triggers the 
fusion reaction. e. Fusion. 2. a. This is a chemical reaction. b. This is 
a nuclear reaction in which some matter is changed to energy. 


Section 2: THE TEMPERATURE OF A STAR (Text pages 372-80) 


By investigating common phenomena, pupils gain insight into infer- | SUBCONCEPT 
ences that can be made about the heat, temperature, and size of bodies The heat, temperature, and size of 
în space that emit radiant energy. a star can be determined: by anal- 
ac ysis of its light. 
Introducing the Concept i ? 
urn on the electric hot plate and watch the colors of the heating ele- Processes emphasized 
ment change. What do the changing colors tell us about the amount of  Hypothesizing 
Neat? Tf you have a Bunsen burner, adjust the flame so that it is yellow. Theorizing 
Vhen we adjust the burner, why do we try to have a blue flame? (Blue Observation 
ame is the hottest.) Combine both these observations by holding a ong of aT 
ength of many-stranded picture wire over the yellow flame (use pliers!) a any Tosar EN 
ang noting the color of the wire. Now heat it in the blue flame and note : easurement : 
the color, Let the wire cool in a bucket or box of sand. Pupils should nvestigation (with design of 


i K ness i experiment) 

fer that a color toward yellow or orange indicates a lower temperature 3 

han a color toward blue or blue-white. n Equipment and Materials 
OW can we use light and color to gain information about the stars? | short length of picture wire 


“Ncourage pupils to suggest hypotheses before reading the text and... pliers 
p x i 7 7 y i eae 
“rforming the suggested investigation. sand 


Dey m 
eloping th 
e jä n F 
ight ret Ae What is the speed of light? Pupils may recall Analysis of light from a star helps 
at it is 186,000 nil jer second. What form of energy have we already us determine its composition and 


a o] etic waves in our temperature. 
Stu ted that travels at the same speed? (Electromagnetic wa 


Y of radio and television.) Did these waves have the same wave- 
sth and frequency? (No; short waves had higher frequency and long 
Vaves : i ) Recall that we could separate the waves 


b 


had lower frequency. 


Tequency i i 
y in a radio set. : 

S i h the prism to 
b 4 volunteer to design a way to send light throug j’ 


Obta; > aes A 

ai ani x about light? (It is 
broke. à spectrum of colors. What can you or an È in ie Beky 
Py. UP into bands of colors; each color has a difference q y- 


upi ; i ;ill have already studied 
this . Who have studied Concepts in Science 5 will hav y 


S c eee s ill be useful on the 
Se; haracteristic. A copy for review and reference w 


cience 
nce reading table, Si — 
i e m cular Wavelen 
or „S Owing substance seems to “broadcast” on a partic 8 


tune ® particular frequency band. If, for example, your radio set is 
Vin at 880, you can find the name of the station in your local news- 
Tr 
“A 
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Da 


The heat energy of a star is a clue 
to its size. 


Equipment and Materials 

...hot plate, or other heat 
source 

...2 pans 

... thermometer 


(See also the Teacher’s Manual 
for Classroom Laboratory 6.) 


The total heat and light energy of 
a star is a further clue to its size, 


paper. Similarly, if you know where certain lines appear peT 
trum, you can identify the substance—or substances—in a s a ih oe 
sending light to your spectroscope. Because substances on ea we a 
the same spectrum when they are heated until incandescent, ae 
certain of our identification. The “broadcast bands” appear not to i abt 
Ask pupils to study the spectra on pages 372-73. What does oe a ihe 
ness of the spectrum tell us? If you have colored chalks, a mode ° ieh 
spectrum may be placed on the board. Have pupils point out "init 
section will be brightest for Antares, Deneb, and the sun. The st sun. 
temperature of another star, Aldebaran, is less than that of men i 
Where will its light show brightest? (Toward the red end, but T the 
far as Antares; it is an orange star.) Vega, one of the bright mo 
night sky that shines with a bluish light, would show its aoe? 9 
near what end of the spectrum? What about Algol’s twin (page ‘years 
With a light bulb and a tennis ball, can a pupil model how Algol aPE 


„times S€? 
dark about every three days? What event is this like that we sometim 
from earth? (Eclipse of the sun.) 


A stars heat and temperature. 
and temperature? Allow pupils ti 
ceed with the investi 
that heat energy has 
and that the numbe 
heat energy, 
with about 
the tempera 


n heat 


What is the difference betwee pro 


me to form hypotheses before pe 
gation on page 375. If some pupils are uncon cubes 
been given up by the water to melt the a es the 
r and speed of molecules in motion determin a pan 
you might try using an obvious source of heat. Place * y 


a 
3 eat. 18 
a pint of water from the tap over a source of hez 


e a large! 
ture at the end of a fixed time; say 2 minutes. Place @ the 


s er 
amount of water, also from the tap, in another pan; place it in tem 
same source of heat, arefully for 2 minutes. Take t? 


r molecules kinetic energy: wi t 
perature is lower for one ogee 
me conditions, the object with the lower të! mass) 
1 have 
does © 
yor 
How do we know its temperature? ( fur 


If the tem era 


mass: 


pmr 
s likely to have the greate pupils 


star, This is fairly eas a : 
: y to demonstrate, y. 5 help cu" pin on 
eral pieces of foi] 1 inch s se home 


: j 
quare and perform the demonstration. s ight 


À e reading, Repeat, adding 4 aP 
a time and at the same distance, until you have four readings. YOU 
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find the readings increase in direct proportion to the number of squares. 
The brightness of a glowing body depends on its total surface. The more 
light, the larger the surface. 

You can also demonstrate that a red star, like Antares, gives off less en- 
ergy than a yellow star, like the sun, by measuring the difference in 
light energy from different colored Christmas tree bulbs, Students may 
Compare visually, and check their impressions by obtaining a light-meter 
Teading, Can the pupils see how the total light energy collected and a 
owledge of the temperatures can be used to calculate the total area? 


Extending the Concept ; = 
_ “arning more about spectroscopy. Children interested in building a 
Simple spectroscope, may write to Edmunds Scientific Company, Bar- 
"ington, New Jersey, for ‘information. A number of interesting investiga- 
tions can be made with replica (diffraction) gratings. See also page 619 
of Exploring the Sciences (page F-23). 
cating stars. Pupils interested in re souig 
© referred to library references which contain star charts. Many junior 
igh school textbooks have a section on astronomy. 
Sing ; A phenomenon known as parallax, 
he seeming change in the position of a star due toa change in position 
ee observer, can be used to measure distances. For additional details 
and illustrations, see A Sourcebook for Elementary Science, pages 158-60. 


cognizing the major stars should 


parallax for measurement. 


Reviewing the Concept 

Before You Go On. A. La 2a 3b 45 5.b Ga Ta 

ving ee You Know. 1. Fusion of iyane ag cee ae pä 
Tte he eas Fe veers ial 3. Probably they 
© not have enough hydrogen for fusion reaction. 

_ size of card $ d, — Si 


Qn y ; ! 
o Distance to card pu O e 
ur Own. 1 Sze of object d, 


* Distance to object 


ect that just masks a star; measure the 


Ye obj 
S, Measur i er of an ob m 

asure th a r of an ob} i K 
he diamet one distance 1s unknown. 


istano 
‘nee of the object from the eye; only 


ect 

ia 3: NUMBERS OF STARS 
Rating 
One 


Pupils infer a way for estimating the number of re es ae 
8 the method of sampling. They also gain further understanding 
Way in which great distances are measured with accuracy. 
Inte à 
Piaateing the Concept 
leq On your desk a quart or half-gallon j 
ith marbles, beans, grains of corn, or some 


ar or a round fish bowl 
other easily countable 
Tr, 
AC 
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Equipment and Materials 
. aluminum foil 
. Scissors 
. . light meter 
. black background 
. colored Christmas tree bulbs 


(Text pages 379-80) 


(Text pages 380-86) 


SUBCONCEPT 

The Milky Way galaxy is vast in 
the number of its stars and the dis- 
tances between them. 


Processes emphasized 

Measurement 

Design of investigation (statisti- 
cal measurement—sampling) 

Development of models (mathe- 
matical and theoretical) 

Hypothesizing 

Theorizing 

Prediction 


Equipment and Materials 

z.. jar or fish bowl 

-.-marbles, beans, or other 
easily counted objects 


The number of stars is estimated by 
sampling regions of a galaxy. 


Equipment and Materials 


See textbook page 382; also the 
Teacher’s Manual for Classroom 
Laboratory 6 


ou may touch, or lift, 0 Jan. 
but you must come up with a a 
those you placed in the jar for ie the 
rement in his plan. Allow time jls are 
work it out, provided all the pup te 
engrossed. Only you know the number of objects in the jar (you €° num- 
hen you put them in!), Do not reveal fae 
ve completed the section, The nearest nU 


aise-OF ê 
c of a pupil’s plan, wins the prize (pr 
minor reward, if you wish). The key questions are: 


nber, 


re in 

How large is the Milky Way galaxy? How many stars are i 

it? How do we know? 

Developing the Concept py the 
How big is 100 billion? The first star catalog made in A.D Jon k it? 

Greek, Hipparchus, listed just o 


pum” 


a count of 100 billion? This is ae this 
er of stars—approximately—in Our galaxy. What tools have ™* ai 
count possible? ( Telescopes, cameras, spectroscopes, radio telescop®™ one 
many others.) We can’t count stars by pulling them out of a i jnto 
after another, so how do we know? Plunge the pupils immediate Y to 
the Investigation on text pages 382-83, (They're probably ite ghey 

a if their plan for estimating your jar is on the right trac A n the 
will also want to try the additiona] investigation suggested y a 
hot on of sampling seems fairly wel] established, you might a the 
Sekr 300 seeds to count in your investigation; could you ©". the 
oe < you always see as many each time you look? Are H hav? 
looked at the cach time and each night? (Some pupils may Pee # 
bied e stars to see the many nighttime changes.) DO ie if it ® 
cloudy? Such quests on night as on a dark night? What happ counting 

Wht a of slaty iene t0 point up the difficulty ° i por 

a o P t 5 t 4 

ticular time? Or ot" want to. S8eord what was happening ® whe 
devices enable us a fe place? ( Photograph the y scopê ra 
camera.) What one ndesa Stographs of the stars? (Te i is 

at provides the light for ot i takinga pon po" 
reactions in the Stars; hence thei Photographs of the siar ange În Pose 
tographic film which we cin > i t energy will cause a € A ae 
questions, pupils will beate Sia the text does inet jer Y 
or from their own experiences + Concepts together fro! 

How does th i 


e concept of 
Way? (We can tak 


a good “guess,” ) 


ions: ., 
A develop reasonable explana t he wile 
ampling help us count the stars g m? 
e Photographs, count the pinpoints of light, an 


gh 
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Boundaries for a sampling? If you count only the number of objects In order to estimate the total ni 
you can see against the glass in the jar with which we started, how ac- ber of stars in the Milky Way, 
curate do you think our estimate would be? What other measurements must determine the galaxy’s dim 
are needed? For example, how do you measure the number of cubic sions; the lahtyear unit of distar 
inches of sand in a box? (Length, breadth, and thickness. ) is convenient. 

, How can you measure the thickness of the Milky Way? How far across 
ìs it from side to side? 

Remember you are inside the “box”—inside the Milky Way. To find 

€ volume of the Milky Way, you would have to measure out to the 
edges, would you not? In how many directions would you have to take 
à sampling? (At least four.) Now, imagine you are in an airplane flying 
Over a city at night. The city is in a long narrow valley. Near one end 
of the valley you see the central lights of the city thickly clustered in 
ene direction, and fewer lights in the opposite direction. There are still 
ewer lights on either side, If you have imagined well, you have a mental 
Picture, a model of the Milky Way galaxy. In your plane, you are flying 
(well up the valley), to about where the solar system is in relation to the 
“st of the stars in the Milky Way galaxy; that is, about two thirds of 
inl, way toward one end. If you look at the part of the summer sky 
in ere there seems to be a band of thickly clustered stars, you are look- 

Pi toward the end of the “valley” where most of the “lights” are. Draw 
the chalkboard an outline of a long flat cookie with a large raisin in 
few middle. Ask a volunteer to locate the solar system and fill in the 
mm te with “sugar granules” to represent stars. From where the earth is 
i aea, what kind of sampling would you get if you took photographs 
ifferent directions? (The count of stars would vary greatly in each 

Otograph. ) In spite of these difficulties, astronomers have been able 
i USE sampling to calculate the number of stars in the Milky Way gal- 
milk indicated on text page 385. Many samplings were taken by many 

homers and then an average taken. 
Proced is a good time to ask whether the p 
esson Da for counting the number of obj iore thel s 
came ygan, or whether they would like to see how close their estimate 

ee as one method proposed better than another? Why? 

You t. we count the stars as they are today? How long would it take We see the solar system and 

Prob © drive to the nearest town? How long to go to the farthest coast? galaxy as it was in the past. 

ably no two persons would agree on the number of minutes or the 
coe of hours, but all would agree it would take time. If everyone 
(No. exactly the same speed, would there be any ey in time? 
Space ate fast does light travel? Does this speed vary! (No, noe an 
tee s his, or a similar analogy, provides a model for measunng dis- 
6 a since the speed of light and the number of minutes in an hour do 
of dine, Why do you think astronomers use the light-year as a measure 
num ce between stars? (Both measurements do not change, and the 
con ers are smaller to work with.) Why do we say that we can never 
€ stars as they are today? Pupils, from the information given, can 
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pupils would like to revise their 
ects in the jar with which the 


(Text page 386) 


(Text pages 387-92) 


SUBCONCEPT j 
Stars are continually changing. 


: m them 
infer that our count of the stars is based on whether the n mier Ae 
ie traveled far enough to be gathered by the collecting pe the difi- 
scope. In these ways—and perhaps others—the pupils recogniz 


infer 
i ; surely in 
culties of describing our changing universe; but they must s 
that the universe is in constant change, 


Extending the Concept 


! ight-years 
Graphing the galaxy. The Milky Way galaxy is about 15,000 lig 


ight-yeas 
across at its thickest part from side to side, and about 100,000 lig me 
from end to end. Usin 


gram the 
be repres 


di 
: ri 

g a scale of } inch equals 1,000 light-years h a 
ed paper. The central oat jike 
shaped, tapering to the long € 


n 
stem, & 
he sun, center of the solar oat realis™ 
fill in the outline of the galaxy with dots to represent stars. 


-ontists orbiting 
y (OSO). Why are space sia a have 
What effect does the earth’s P recent 
on light from space? Interested pupils may try to locate al ace Ad 
The National Aeronautics and St 


d Ave 
Office Building No. 6, 400 ari ail 
nue, S.W, Washington, D.C. 20025, may be able to supply in 
(Use school stationery for requests, ) 


Radio astronomy. New 
“big dishes,” radio ante 


in space, 
ministration (NASA), Federal 


„ne of no 
Spapers carry reports from time to en spac’ 
nnae that capture signals from orbiti local H 
radiation, For details, ask the school Pi 
brarian if she has a co ig , by Roger Piper, tha 
radio telescopes reveal jcrosc? 
here between the light mic 


There is a parallel 
microscope. ) 


Reviewing the Concept 


Before You Go On. ALb Qa 3,4 4. b oppe 

Using What You Know, lL. a. Sampling. b. Count the number a 000. 
holes in a certain number of acres (ten perhaps) and multiply is im e 
2. a. 4 months, b. January 1 (approximately), 1972; but this at suc 

sible because anything as smal] as a football field could not be seen 

a distance, 


Section 4: THE HISTORY oF 


A STAR we as 
The pupils gain greater understanding of the changing eae 
they study the history of the Sequence of changes in a star as Í 
is converted to energy, 


gí 
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Introducing the Concept 
When light-weight particles are evenly mixed with heavy-weight par- 
ticles and shaken together, do the particles stay together, or do they sep- 
arate? Mix about equal amounts of fine-grained sand and small pebbles, 
or BB shot, together and place the mixture in a glass jar (it need be no 
larger than a baby food jar); agitate the particles in the jar. Where do 
the heavier particles go? (Toward the bottom.) Recall that carbon di- 
oxide in air is heavier than air, while oxygen is lighter than air. If you 
Wanted to pour oxygen, how would you do it? (Upward.) Carbon di- 
Oxide? (Downward. ) The force of gravitation appears to act to separate 
heavier particles from lighter and attract them toward the center of 
€ earth, 
Now imagine that hydrogen in ; 
Aat do you think is happening to the 
Asa Sore ans ( Tai oidi recall that addition of neutrons 


‘nd protons to the nucleus of an atom increases its atomic weight. ) 
hat happens in a star as more and more of its hydrogen is con- 
verted to helium? 


a star is gradually changing to helium. 
heavier helium? On what do you 


Dey : 
eloping the Concept 
emperature and pressure. Pupils are familiar with the effect of heat- 


NE a gas; it expands. A balloon tied over a jar of air will expand if = 
aY is heated, They may also recall that heat a aaa = ee 
Molecules of water so that they change state and become steam. n 
; dying nuclear reactors, they also learned that under as, water 
remained in liquid form, but the temperature in the heat exchanger was 
Seater : i ld mak 
“er und i upils shou a ; 
investi Meer aaa Vhat happens to a gas when its mole- 
Their energy becomes greater, just 
r when it is compressed. ) What 
acked into the same volume? 
but this energy is mul- 


pressed closer together? ( 
a € energy of a spring becomes greate 
( PPens if more and more molecules are p 
the molecules have the same kinetic energy, 


tiplieg 

and the temperature increases: ) O 
After reading u O “A Star Explodes,” the pupils may be able to in 
than : Jei near the center of a star is 


li at the concentration of helium nuc 


mae packi ith the result that temperature 
i Packing 4 atoms in the place of 1, with the 


is increased. So long as this 


Creases, If i ssure 

- If temperature rises, the pres 5 

Tessure is — control, the star keeps on using up hydrogen to make 
Clin : e. If the internal pressure of 


™ and gives off energy at a steady rat f 
É ‘ ? (A blowout.) Pupils, 
i automobile tire gets too great, what happens! ( ) Pup 


ey follow the reasoning closely, see that a nova is somewhat like a 
fe haps 60 to 80 novas 

ha, 2! Stars age quietly. Three supernovas and perhaps he Milky W. 
$ Ve been recorded. Why haven't there been more, since the Milky ay 
wee alone has over 100 billion stars? If you increase the pressure in- 
© a balloon, what happens? Of course, it swells up. Many stars, it is 


Cos 
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Processes emphasized 
Building of models 
Hypothesizing 
Theorizing 

Prediction 

Library research 
Reporting 

Speculation 


Equipment and Materials 
... glass jar 

u. sand 

... pebbles or BB shot 


An increase in pressure raises tem- 
perature, and a rise in temperature 
increases pressure. 


Most stars undergo gradual change. 


Systems of stars may have formed 
from supernovas. 


thought, do this and become red giants. What happens then to the Da 
perature? (It becomes less—but the heat energy is the same—as the P 
pils should recall from Section 2.) ink 
The red giants continue to use up hydrogen, and gradually re 
much as an automobile tire gradually collapses with a slow leak. As t as 
shrink, the gases are compressed again and the temperature hiera 
The stars become white dwarfs which w 
ments of a hot plate cool when the current is turned off. (Some stars se 
expand and contract in this manner more than once.) These stars €V a 
tually use up their hydrogen fuel and become dark. Without light sie 
can no longer see them. Without energy that creates electromag” 


nae 
them with the big-dish-type ante 


nh gradually cool, much as the 


stars-AS 
q. sine’ 

(it has 
ï simila! 


ystem. As pupils read “The 
how the solar system forme 
we cannot take a picture of it 
o telescope); but there are othe 
s and differences that we can a 

ebula, and pictures it on page 3 
tures of other nebula may be used for comparison if you have ther > arm 
tion of Ursa Major, shows how oe reak 
a nebula are beginning to narrow ane 51, 
other nebula, also in Ursa Major, NG an 


» with only a trace of two spiral arms a y 
Imost straight line. The magellanic clouds, visible “atures 
© no trace of a spiral form. These P” „ye 
at a supernova may take, if the theo” 


I 
ar photographs, wall charts, and a popular 
e, is available 


Observatory, C 


es a 
mage 
ora 
from the Sky Publishing C99 
ambridge, Massachusetts “of 


: » origi” 
tion of e ; and the 05 e- 
of elements an ding 


t 
i y. From what th stars and @ 

al ey know of stars ane o 
g axies and star clusters, astronomer$ can a describe the history 
follows: 


, jo sw! 
bps of Sravitation suggests that gigantic a whe 
rmed as thicker masses of hydrogen pulle 


ing clouds were fo 
thinner masses, 
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3. As these clouds contracted, they moved apart and began to spin, 
the thicker clumps of gases tugging at the thinner ones. 

4. The thinner clouds broke up and the thicker ones grew denser to 
become stars and star clusters. 

5. Each giant cloud became a spinning pinwheel or spiral nebula. 

Interested pupils may wish to make a wind-up scroll or movie se- 
quence of these events. Draw each stage and paste in sequence on a 
roll of shelf paper. Cut a slot the width of the shelf paper on both sides 
of the carton, Draw the paper through the slots as the narrator tells the 
Story. Use doweling or old rolling pins for the wind-up spools. A sequel 
May show the explosion of a star (a nova) to form a spiral nebula. 


Reviewing the Concept 
Before You Go On. A. La 2b 3b 4a 5a 


Using What You Know. The fusion of different particles as a supernova be- 
Sins to cool. Heavier and heavier atoms are gradually formed until most of 


the elements we know have been made. 


Section 5: MOTIONS OF THE STARS 


oot pupils re-examine concepts of wave : 
c sition and motions of stars. They also examine 
an be predicted. 


motion in order to infer the 
how changes in position 


Introducin 
; Tave <a oh aa ll automobile horn in the distance and said, It 
Coming toward us.” Or a jet plane in the sky, and said, It 1s flying 
fast” (or in another direction). How did you know? Was it just ae it 
Sounded louder? Or did you notice anything else about the poon 
More observant pupil will probably answer that the sound was higher 
Vhen it was closer, and lower when it was farther DW 

ut we can’t hasz stars. What has sound to do with ae 

Ow can we tell in which direction stars are moving: How can we 
use this knowledge to predict where a body in space will be at a given 


pa What reasonable theory about the universe can the motion of 
© stars help explain? 


Developing t 
ne Doppler ae lew does sound travel? Pupils ison that it ur 
tra M a back-and-forth motion through any medium wil ee l 
ee in a wavelike motion at a speed of 1,100 feet per second (in = 
normal temperature and air pressure). The equation, as your puplis 


a . 
Y have learned in Unit Seven is: 


Speed (or velocity) = wavelength x frequency 
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Equipment and Materials 
... carton 

... Shelf paper 

.. . doweling, or rolling pins 


(Text pages 391-92) 


(Text pages 392-96 ) 


SUBCONCEPT 
The position of the stars changes in 
a predictable and orderly way. 


Processes emphasized 
Observation 

Analysis of observations 
Hypothesizing 
Theorizing 

Library research 
Prediction 


The direction of a moving object 
can be determined by wavelengths 
of light or sound. 


The changing positions of bodies in 
space can be plotted with accu- 
racy. 


f 
uency 0 
If the wavelength becomes shorter, what happens to the a waves 
sound waves? (The frequency is greater; that is, there are m ae 
of time.) What see er.) The 
., igher. 

when the frequency becomes greater? (The pitch becomes hig effect 0 
p sound waves, has the r pitch. 
> increasing the frequency, dict the 
reason that it is easy to P autor 
lane is traveling or whether an unseen a 


The reverse is also true. This is the 


r moving! 


ier aP 
between ted giants discussed a a it 
> indicating that a star is movin to ex 
oh apt OD earth thatis also mee tof n 
element toward th nod eo! the star ae at 
| . as 
he is dealing with the Doppler effect me ba iti e are 
and change, We have Stars moving away from us d $ 
r 


n 

the sun, the solar system is turning around the “nats 
as galaxies do, and to further complicate to 
ome and go. 


se sct 

ange and OW can we make any a 7 redi 
continua] i e ev 

where any star will be? motion? How can w 
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| If you have enough space in the classroom, one pupil may walk in a 
small circle around an object—in an orbit. If another pupil traces a larger 
orbit, starting at the same time as the first pupil, will he be in the same 
Position in relation to the central object and the first pupil when the first 
Pupil has completed one full orbit? After you know how fast each pupil 
walks and the length of each object, could you predict where the pupils 
will be on another trial? Both walked in an orderly manner in an orderly 
Path; hence, prediction is possible. You predicted on the basis of speed 
and distance, did you not? 

If you see two planes traveling in the same direction, what will you 
need to know to be able to calculate which is flying the faster? (Dis- 
tance of each from you.) If you know how fast the planes are flying, you 
can also calculate the distance. One measurement is a function of the 
Other. Astronomers: can compare photographs over a period of time to 
Calculate speed of stars and their distance, if they know how far away 
another star is in their photographs and how fast it is traveling. 

What else do we need to know to predict where a body in space will Equipment and Materials 
he at a future time—or where it was in the past? If pupils do not volun- | , prepared arcs of ellipses 
eer “the direction it is moving” or “its orbit,” ask: What kind of a line 

oes a moving star trace in the sky? (Curved.) Then: If you know part 

of the path of an object, can you predict the rest of it? You might pre- 

Pare ellipses of various shapes, ranging from a short ellipse, such as the 

©arth’s around the sun, and a long ellipse, such as Halley’s comet, and 

en cut off arcs of the ellipses. Display an arc and call for volunteers 

a Complete it while others act as critics. Practice with other arcs until 

"it prediction seems understood. , , 

tress that scientists seek orderly explanations of the changing uni- 

a The theories of the universe are based on what appear to be 

a erly changes. Increase or decrease in speed is part of this order. The 

is erly path a body follows is another part. But also stress that evidence 

an incomplete and that our concepts can change; however, the large 

changes that the universe is in constant change is unlikely ever to 
e, 


Extena: 
“nding the Concept ee 
Th © origin of the universe. There are various theories of the universe. 
e 


enti textbook mentions one that many scientists hold. Recently, some a 
slo = have proposed that the universe will expand at an peer i 
tni rate, come to a standstill, begin to collapse on itself, and sta 

4 acting, Finally, the universe will annihilate itself and a new one 


te Start from the fragments. The cycle is supposed to take about 80 
at ‘On years, The universe is thought to be some 15 million years old 

© Present time, Fred Hoyle, the British astronomer, advances the 
dY state theory; George Gamow and George Le Maitre, the evolu- 
“ty theory. Interested pupils will find these and other theories an 


eng, A 
Aging area of library research. 


Steg 
tion, 
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(Text page 396) 


(Text pages 397-402) 


CONCEPTUAL SCHEME 
The universe is in 
change, 


UNIT CONCEPT 


constant 


Nuclear reactions Produce the 


radiant energy of stars, 
sequent change. 


How do we know? 


and con- 


z icted? 

Comets. Halley’s comet will return in 1986. How can this be ea 

How many comets have been sighted? What are comets? How oo Pes 

we predict seeing again? The World Almanac is one ens + events 
about comets, eclipses, meteor showers, and other astronomica 


Reviewing the Concept 


Before You Go On. Ala 2 


“a Ba 4a 

Using What You Know. l. The car w 
away, because the Dop 

at which the frequencie. 


2, It is moving 


as moving away. pectrum 


s 
pler effect causes a shift to the end of the 
s are lower, 


sE 
Section 6: THE MAIN CONCEPT: THE CHANGING UNIVER 


> uni- 
w a , y ap s in the 
The pupils, in review, summarize the diversities of change i 


anges 

verse and realize that there is a pattern of constancy in these 7 e5 
A repeating pattern, even though parts are constantly changing, P’ naly?? 
an order which, if the concepts are understood, enables us tO í 
events of the past and to Project events into the future. 
CONCEPT SUMMARY North 

Bases for prediction, Encourage Pupils to locate Polaris, the , the 
Star. It is alwa 


ys in the s 


ame location at the same elevation abov Jaris 
horizon as the latitude of the town in which they live. Although | r 
“wobbles” somewhat over Several centuries, it is sufficiently p stem 
a point around which the motions of other bodies in the sofa ari 
can be mapped. Polaris stays in the s 


tars and constellations seot g seast 
om night to night and pee eat 
ge the pupils to recall tha “on caus 
the North Star, This rotati 


Once every 90 ert tions with that of a visible man-made | > sil A 

ite in a diff orso, it might be possible for us to see De 

orbiting pei oe relation to the stars. If an astronavt A 
8 e, he will see all the Sunk which hi i 

asses N . ries over he: e 

ane di ai om the minutes of orbit. Pupils should enlarge © as 7 
anding from these or Similar analog: ars positio b odi? 

see it from the earth is determin alogies, that a star 

in space 


5 ther 
ed by its relationship to ° 


of 
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of energy given off by a star. We can also understand novas, but we can- 
not i i seen OnGe: Me 
Soe ia ks es we discover the ways things work? The ob- What is a law in science? 
vious answer that we discover by investigation is not enough, Stress that 
a hypothesis must be checked and rechecked, that observations must be 
checked and rechecked before we can form a theory, that a theory also 
Must be checked and rechecked against all the hypotheses that sup- 
Posedly support it. Only after long sequences of tests tone sy that 
there is a law by which events take place. Have you hear the p me 
law anq order? In science, a law indicates that there is a perceptible a 7 
~Perceptible to man—that changes follow certain sequences of = ents, an 
that the sequence is predictable within a very small in a per 
As the pupils read and discuss this final section k es ra harias 
the textbook, encourage listing of hypotheses, theories, E E E 
is the concept of an expanding universe considered = team, : 
other laws and theories can be cited? And which is which—with sup 
Porting evidence? 
rencam of change. Can you think of anything that Hoes ay eni say tor as is the 
change? Anything that is not changing in some way at — fogosa: 
e changes you have studied in this unit. Do they fo eh age i 
hat is the pattern? What is the relationship between cece a ve 
tween patterns? Are some patterns repeated; that is, yr kapeat s me 
Change? (Pupils may be encouraged to draw on their n at io 
m — oye ‘= ss ee pa Toki one aii all 
*swers are į ext or this Teachers Edition, > ee 
answers are rhei for all the evidence is pot m It m ies ere 
certainly not in the lifetime of the pupils. Whet og p oek 
become a scientist or not may be indicated by the degr ste ee 
© questions evidence. Without change, he could not raise q ! 


(Text pages 400-02) 
FIXING THE MAIN CONCEPTS 


; Lc 8&b 
Testing Yourself. 1.d 2b 3b 4d 5a 6b Ze 0 
Quick Test. Lh he gb ar Re Ce la 8& a 9% b Ia 


Text pages 403-07 
A CONCEPT OF CHANGE: A NEW VIEW Cane k a 
an s this final New View is a pulling together of all the CONCEPT RELATIO! rE 
nfs — n ae zils have been studying over their years Matter changes, energy changes, 
ien ot eee been uncovering concepts through in- living things ‘change, Abe: nvi 
entary school. They have 


In m 
Conce 
m e 


i onment changes, the universe 
vestigation, formulating and testing them, and finding that A ee a Ae EN eucneernaee 
Nices there is order in a constantly changing pattem: 9 J changes there is order. This order 


Events, enables us to predict events. 


e to another; 

atter changes from one state to another, from pie a from one 

o ombines, decomposes, and recombines. Energy rm E ne ate 
m to another, Matter is converted into energy in the stars, 


Tr = 
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The constancy of change 


The how of change 


Predictability of change 


itions in 
stars change; the stars are in constant motion and take new eae 
the universe; the universe itself is changing—but we don’t the pu- 
for sure. We suspect that changes occur in predictable order. = ‘a Hav 
pils have successfully developed concepts, they should sae Sh 
n the predictability of change. They ations 
the scientist who seeks orderly re ap 
for the technologist—in whatever fiel ed on 
ps ways of doing the world’s work, bas 
ge. 


TEACHING SUGGESTIONS 


, vious 
» electrons, or other particles of matter. O subtle; 
a solic 


no 
; electrons 
off. Are atoms, molecules, elec pysic®” 


ingle Y™ 
No pupil will be able to cite a single wi 


ite 
f Ject. The perceptive pupil may ¢ ny 
change is unchanging—thereby 


es in matter are a bit more 
they are not so readily visible 


How does matter change? 
How does energy change? 
How do living thin 


tter and th? 
Seed, living things k oie and energy for grow 
How does eny 


e changing? 


p 
c 
how can ns? How ye 
e be so sure that the sun wi we ever make sedre ii 
: we make new roducts and be certai? © ep- 
will do what we want them to do? he pone build machines or YS? an 
ergy and know that they wil] do the job we want them to do? From ils 
examination of these and other similar questions you or your po jp 
may suggest, a clear understanding at events appear to take plac 
T-196 
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wW 
A CONCEPT OF CHANGE: A NE 


~ 


a particular order should result. Because of this order, we can predict 
with assurance. True, we can't predict when a volcano or an earthquake 
will make its force felt, but we can explain how they occur and cite rea- 
Sons for their occurrence. Explanation of past events and predictability 
of future events are the fruits of our study of concepts. 


As the pupils read the New View, encourage them to reconsider the 
conceptual schemes that are stated in italics during these four pages in 
their textbook to note the underlying theme of change that is present in 


all the conceptual schemes. 


ch we still need to know. We need 


V. ` 
We have learned much; there is mu 
and changes. We need to 


i know more about matter in its many forms 
now more about the many forms and changes of energy. We need to 


now more about how living things change and how they are interde- 
Pendent with their environment. A scientist’s work is never ending. Each 
new bit of evidence opens up new paths of investigation which may 
Šive us new knowledge and new concepts. Science has its ends; it seeks 


Orderly explanations of the way the world works, but these explanations 
Must be testable, The scientist's work is never ending; it is renewed ad- 


Venture, 
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Text pages 408-21 ) 


ON YOUR OWN 
THE ART OF INVESTIGATION 


sar oF 
Use of this section may be initiated at any time during the page 
in connection with any of the activities in any part of the pup! jl en- 
book or in this Teacher's Edition. The chances are that you oe their 
courage pupils to work individually or in small groups and rep 
findings to the class from time to time. 


nga sed 

All pupils have, of course, been investigating whenever they ecg 
in gathering evidence to form concepts. In all activities they are 
tinually using the skills of investigation 
perimental plans, observing, recording, 
and consulting references, among man 


‘eine OF 
—hypothesizing, designi DE ab 
computing, theorizing, 202” 

y others. 

The art of investigating is more 
or testing of a hypothesis, The a 
when to use a particular skill or g 
thority of a reference or an expert 
row the question so that the experimental design is feasible, 
recognize a new question or problem, how to analyze results, aP 
to go to the laboratory. The art of investigation requires the m4 
decisions. 


ation 
sophisticated than mere ant tii 
rt of investigating involves da aie 
roup of skills, when to accept r 
and when to question it, hot 


king ° 


ri 
5 . s and I 
ection proposes a few investigations @ 


Yo T 
ipils who appreciate y ; 
; : need for reading, consulting, “heir 0%” 
experimenting, and recordj ext pages 410-15) will approach t pe 


ess 
S ; uce 
Sreater intelligence and better chance © 


hat 
E a 
allenge to find ou pe" 


„iment 
igation or experi™® the 


at 
. vestig? 
open-ended ee 
-a HOFF 
evidence is in—° 


N 
10 
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TEACHER'S NOTES 


STARS AND 
STARLIGHT 


The sun is a star. 


It is the center of our solar system and the principal source of heat 
and light for earth. It is also the source of nearly all the energy 


used by industrial civilizations, in the form of water power, fuels 
ind. It sustains life on earth, disrupts our communications 
, 


and w 
radiation into space, and makes our weather do tricks. 


pours deadly 


So far our knowledge of the sun has been limited because our 
atmosphere acts as a barrier. It completely stops most of the sun’s 
radiant energy. In order to learn the how and why and when 
of the sun’s phenomena we need an observatory outside the earth’s 


atmosphere—perhaps on the moon. 


Already plans are being developed to launch an orbiting solar 
observatory. It may not find all the answers that physicists and 
astronomers have sought for about 350 years; but it will collect, 
ransmit data on the sun’s radiation. In the process it 


store, and t 
basic facts about the universe. 


should pick up some 


Man has only begun to gratify his curiosity about the worlds be- 


yond this world. He is looking. He is listening. And he is stretching 
out long arms with electronic fingers to touch and measure the far 
reaches of space. 


ARP 


1. Energy from a Star 


As we begin our study of the uni- 
verse, we need to understand how 
stars like our sun give off so much en- 
ergy. 

First, let us try to combine atoms of 

hydrogen chemically in the classroom. 
We can combine atoms of hydrogen 
with atoms of oxygen to form mole- 
cules of water. Later, we will compare 
the way atoms combine chemically 
with the way nuclei of hydrogen at- 
oms combine with each other. This 
will help you to understand what is 
happening in the stars, We can start 
with an apparatus for taking water 
apart, as shown in the investigation on 
the opposite page. 


The Chemistry of Hydrogen— 
On Earth 

Hydrogen is a gas. Only a gas could 
be collected by bubbling it through 
water. Because a gas is lighter than a 
liquid, the Sas rises in the water. Hy- 
drogen is also lighter than air. If hy- 
drogen were heavier than air, would it 
rise in the test tube? How can you be 
sure hydrogen is in the test tube? 

When a flame is brought near the 
hydrogen gas, a “pop” is heard. The 
Popping sound is caused by the com- 
bination of the hydrogen with the oxy- 
gen in the air. This combination re- 


sults in the formation of the com- 
pound water, W 
of 


as there any evidence 
water on the inside of the test tube? 
The reaction is as follows: . 


hydrogen + Oxygen — water 


Or to put it in 
A 


two 


a more exact form: 
molecule of hydrogen contains 
atoms of hydrogen. The symbol 
for a molecule of hydrogen is He. 
Almost all the hydrogen gas on earth 
is made up of molecules containing 
two atoms of hydrogen. The oxygen 
gas on the earth is also found as mole- 


cules Consisting of two atoms of oxy- 
Sen, written O,, 


The reaction is as follows: 


2H. +0. 2H,0 
Or we could sa 
hydrogen (9 He) 
oxygen (Q,) 
molecules of 


: Two molecules of 
Plus one molecule of 
will react to form two 
water (2 H:O). m 

split the compound H:O 
ydrogen and oxygen, how 


en you 
to form h 


AN INVESTIGATION into a Chemical Combination of Hydrogen 


Needed: an apparatus to break up wa- 
ter; dry cells; dilute sulfuric acid 


Attach the apparatus that has been set 
up by your teacher (called a Hoffman 
apparatus after its inventor), as shown 
in the picture. The electric current 
is sent through the water (the formula 
for water is H:0). 

The electric current passing through 
the water splits the water molecules 
into hydrogen (gas collecting at the top 
of one tube) and oxygen (gas collecting 
at the top of the other). How much hy- 
drogen will be produced as compared 
with the oxygen? Does the formula 
H:O give you a clue? 

Examine the apparatus. On which 
side does the hydrogen gas collect? 
How much hydrogen collects as com- 
pared with the amount of oxygen gas? 

Now hold a dry test tube over the 
side containing hydrogen, as shown.@ 
Release the hydrogen, allowing it to rise 
into the inverted test tube. Why does 
hydrogen always rise? Keep the mouth 
of the tube down until a lighted splint 
is ready. Then hold it up as your teach- 
er holds the lighted wood splint to the 
mouth of the tube. 

There usually is a “pop” as the hy- 
drogen gas reacts with one of the gases 
in the air. Is the tube still completely 
dry after the “pop”? What do you no- 
tice inside the tube? 


1. Which gas in the air is reacting with 


the hydrogen? Is it nitrogen? oxy- 
gen? carbon dioxide? 


2. How can you demonstrate that the 


gas in the other tube is oxygen? 


m CHEMICAL REACTION 


NUCLEAR REACTION 


@ 
Q 


fusion of 
hydrogen nuclei 


many molecules of each were formed? 
Clue: More than one molecule was 
split. 

In these reactions th 

atom is not changed. 
chemically with oxygen 
compound water. With an electric 
current, water can be split to give hy- 
drogen and oxygen once again. 

This is the basis of a chemical reac- 
tion. Some molecules are formed; oth- 
ers are broken down. Some substances 
can be combined and then taken 
apart. But the atoms that make up the 
molecules are not changed (see page 
366). 


e hydrogen 
It combines 
to form the 
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Hydrogen atoms can also take punt 
in another type of reaction—a nuclear 
reaction. There is a difference be- 
tween a chemical reaction and a nu- 
clear reaction. 

Look at the picture.m Notice that 
in the chemical reaction three atoms 
are joining to form a molecule. The 
particles that make up the nuclei 
(neutrons and protons) of the atoms 
are not affected by the reaction. In 
the nuclear reaction shown below, it 
appears as if the four nuclear particles 
themselves are going to become joined. 
Let us now look further into a nuclear 
reaction before we go 93,000,000 
miles away from the earth. 


A Nuclear Reaction 

What happens when protons and 
neutrons are combined to farm, a. nu- 
cleus or what happens when the nu- 
clei of hydrogen atoms are fused? 

Can it be done? Yes. In the hydro- 
gen bomb, the nuclei of hydrogen at- 
oms are fused. There are several dif- 


erent reactions by which hydrogen 
atoms may fuse. 


As shown in 


take th i 


react in some w. 


trons during fusion. All of the particles 


in the helium nucleus do come from 
the four hydrogen nuclei, 


Hydrogen nuclei can be fused with 
the nuclei of other elements; but the 
problem is to cause the nuclei of at- 
oms to combine, or fuse, to form the 
nucleus of another element. When fu- 
sion takes place, there is a great burst 
of energy. We can therefore get en- 
ergy from the fusion of atoms. 

When the nucleus of an atom is 
split, a burst of energy results. This is 
the result of fission of the nucleus, as 
shown on pages 294-96. We can get 
energy from the fission of atoms, and 
we can also get energy from the fusion 
of atoms. 

In the hydrogen bomb, atoms of hy- 
drogen fuse. In the nuclear bomb, 
atoms of uranium split. In either 
case, the result is that a great amount 
of energy is released. How is a great 
amount of energy produced in the 
sun? 


hydrogen + hydrogen + hydrogen + 
hydrogen > helium + energy 


It is definitely known that the sun 
has a great amount of hydrogen and 
helium in it. In fact, 99 percent of the 
sun is made up of hydrogen and he- 
lium. This information has been ob- 
tained through careful examination 
of the sun’s light with the spectro- 
scope, and this will be explained later 
in greater detail. 

It appears, from a great deal of 
study, that the sun gives off energy 
from the fusion of hydrogen into he- 
lium. In a way, the sun is a great big 
hydrogen bomb, 93,000,000 miles 
away. 


How do we explain the fact that 
when hydrogen fuses to form helium 
a great amount of energy is given off? 
The exact atomic weights of an atom 
of hydrogen and an atom of helium 
are given below. These atomic 
weights have been carefully measured 
by scientists. 

hydrogen = 1.008 units of matter 
helium = 4.003 units of matter 

In the example of fusion given in 
the diagram below, four atoms of 
hydrogen combine to form one atom 
of helium. That is: 


4 H—1 He 
Let us do a bit of arithmetic. 


1 atom of H = 1.008 
1 atom of H = 1.008 
1 atom of H = 1.008 
1 atom of H = 1.008 


4atoms of H = 4.032 


But an atom of helium has an atomic 
weight of only 4.008 units of matter. 
This is less than the total weight of the 
four hydrogen atoms. Let us subtract 
to find how much less. 


-A 


B 
me 


a 
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4.032 
—4.003 


0.029 of a unit of matter m 


What happens to the 0.029 of a unit 
difference? 

The fate of the 0.029 of a unit of 
matter is this: It is changed to energy. 
In other words, little by little, some of 
the sun’s matter is being changed to 
energy. 

Remember that in any nuclear re- 
action some matter can be changed 
into energy. The sun’s energy, then, 
is produced because small amounts of 
the sun’s matter are constantly being 
changed into energy. In the fusion of 
four hydrogen atoms into one helium 
atom, 0.029 of a unit of matter js 
y. This amount of 

is changed into 
her forms of en- 


cept that althoug 
into energy, the to 


ATOMIC WEIGHT 
OF HYDROGEN L008 
1.008 


TOTAL WEIGHT 
OF HYDROGEN 


370 


The nuclear energy of the sun (re- 
sulting from the breaking down of 
matter) is tremendously important. It 
gives us light; it gives us heat. With- 
out the sun the earth would soon be 
a frozen planet. Even the earth’s at- 
mosphere would freeze. All life would 
end. 

The sun’s heat energy and light en- 
ergy are important to us for many rea- 
sons. The sun’s heat energy evaporates 
water that later forms clouds and then 
comes down as rain. The sun’s light 
green plants to 
make food. Without the sun we 


This star, 93,000,000 miles away, 
gen atoms into helium, 


bundant supply of en- 
ergy that we need to live. 

How hot is the sun? This is the story 
of the next section, 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 


section. 


1. In order to split water molecules we use the energy ob- 


tained from 
a. heat b. electricity 


2. When we split the compound water into its elements, 
the number of hydrogen molecules compared with oxygen 
molecules is f 

a. two to one b. one to one 

3. Finish this reaction: 2 H:O > 2 H, + 

a. O: b. 2 O; 


4. In a chemical reaction, the matter taking part may be 
changed into energy. This statement is i 
a. false b. true 
5. In a nuclear reaction, some of the matter taking part 
may be changed into energy. This statement is 
a. true b. false 
6. In the hydrogen bomb and on the sun, atoms of hydro- 


gen fuse to form atoms of 
a. uranium b. helium 


B. Write a paragraph or two on this topic: A Nuclear Reac- 


tion on the Sun. 


1. What is the difference between fission and fusion? 
a. Which takes place in the atomic bomb? 
b. Which takes place in the hydrogen bomb? 
c. Which takes place on the sun? 


USING WHAT 
YOU KNOW 


2. Which one of the following is a chemical reaction? 
Which one is a nuclear reaction? In which one is matter 


changed to energy? 
a. 2 H: + O: > 2 H:O b. 4 H = 1 He 


ATI 


2. The Temperature of a Star 


Our star, the sun, is a kind of long- 
lasting nuclear reactor. Hydrogen is 
being changed into helium, and, in the 
process, matter is destroyed; or is it? 
We could more truly say that the mat- 
ter (0.029 of a unit of matter for every 
helium nucleus formed) is converted 
into energy. This energy is in the form 
of heat, light, and nuclear radiation. 

The temperature of the sun at its 
surface is about 11,000° F., How do 
scientists determine this? After all, the 
sun is 93,000,000 miles away, and it 

is not as if they were taking the tem- 
perature of boiling water. 

A way of finding the temperature 
of stars is based on their colors. Steel- 
workers know that they can deter- 


A spectroscope 
is a combination of 
a prism and lenses, 


spectrum 
of white 
light 


spectrum 
of mercury 
vapor 


spectrum 
of hydrogen 
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mine rather accurately the tempera- 
ture of glowing hot steel by its color. 
A white-hot piece of steel is hotter 
than a red-hot piece. By determining 
the exact color of a star, astronomers 
can determine its temperature. They 
can do so by means of an instrument 
called a spectroscope, 

Light from an object that scientists 
wish to analyze is broken up by a 
prism. If it is light from a star that the 
astronomers wish to analyze, they be- 
gin by “collecting” the light by means 
of a lens. Then they analyze the light 

y using a spectroscope. The light 
broken up by the prism shows a 
spectrum of color, The spectroscope, 
as the diagram shows, is really a com- 
bination of a prism and certain types 


of lenses, m 


Spectrum and Temperature 

The spectrum from the light given 
off by a star also tells what kinds of 
elements are to be found in that star. 
Each element in the form of a hot gas 
produces a different pattern on the 
spectrum. The diagram shows how the 
spectra of two elements compare with 
the spectrum of sunlight. E 

The spectrum can also give a clue 
to the temperature of a star. In the 
spectrum of a blue-white star, the blu- 
ish section of the band of color is 
much brighter, or more intense, as 
shown. © Blue-white stars are very 
hot. A yellow star, like our sun, has a 
fairly even spectrum over the whole 
range from violet to red.@ In the 
spectrum of a reddish star, the red 
end is brighter, or more intense. © By 
analyzing the spectrum of a star, 


spectrum of blue-white star 


spectrum of yellow star (sun) 


spectrum of red star 


Antares 


astronomers can tell what its surface 
temperature is. For our purposes, 
there are four types of stars as far as 
temperature is concerned—white, yel- 
low, red, and “dark” stars. 

What can we learn when we ana- 
lyze the spectra of different stars? 
Scientists have discovered that stars 
differ as to temperature and that a 
stars color is a definite clue to its 
temperature. For instance, the yellow- 
white star (for example, our sun) 
has a surface temperature of about 
11,000° F. Certain blue-white stars, 
such as Deneb, in the constellation 
the Swan, have a surface temperature 
almost twice that of our sun. Yet the 
huge red star Antares (an-tar’éz), in 
the constellation the Scorpion, has a 
surface temperature of 5,500° F.— 
only half that of our sun. 
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Then there are the dark stars, which 
give no light at all. Their discovery 
was very strange. Long ago, while 
tending their sheep, Arab shepherds 
noticed that a star they called Algol 
became dark every 2 days and 21 
hours. Why did this happen? 

Could it be that Algol’s light and 
heat went out every 2 days and 2] 
hours and then came to life again? No 
wonder the Arabs called the star “the 
demon,” for that is what Algol means, 
It took a few thousand years for man 
to be able to solve the mystery. Why 
do you think it took so long? 

Algol has a twin star, a dark twin, 
which gives off no light. Can you fig- 
ure out how the dark star could cause 


Algol 


Pere 
dark twin 
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Algol itself to seem to grow dark? The 
solution to the problem is shown in 
the diagram. ® 

The discovery of Algol’s dark com- 
panion showed that some stars—the 
dark ones—seem to have lost their 
ability to produce heat and light. Per- 
haps their hydrogen has been used up. 

Have you another explanation? 

Algol’s dark twin produces little 
heat. Do stars with higher tempera- 
tures have more heat? What is the dif- 
ference between temperature and 
heat? To find the difference between 
them, try the investigation on the op- 
posite page. 


Heat and Temperature 

How did you explain the results of 
the investigation? What is needed to 
melt the ice cubes? Heat? Which had 
more heat, the cupful of cold water or 
the inch of near-boiling water? Are 
you surprised to learn that the beaker 
ed with cold water has more heat 
in it? 

The clue lies in the difference be- 
tween the amount of water in the full 
beaker of cold water and the inch of 

ot water. There was a greater 
amount of cold water. The cold water 
ad the greater number of molecules. 

As you have learned, all molecules 
are in motion and have kinetic energy- 
The greater the number of molecules 
of a substance, the greater is the sum 
of kinetic energy of all the molecules. 
The sum of kinetic energy of all the 
molecules jg equal to the heat of the 
substance, Thus a bathtub full of cold 


AN INVESTIGATION into the Difference Between 
Heat and Temperature 


Needed: two Pyrex flasks in which to 
boil water; eight ice cubes; two Py- 
rex beakers; a thermometer; a pair 
of tongs; cold water 


Boil the water in one of the flasks. It 
will soon begin to steam. Now place 
four ice cubes each into two beakers. 
Fill the second flask with cold water 
(from the faucet). Record the tempera- 
ture of the water in each flask. Now pour 


about an inch of boiling water into one 
of the beakers holding ice cubes and 
the cold water into the other beaker of 
ice cubes. E @ 

Which ice cubes melt faster: the 
ones over which you poured an inch of 
near-boiling water or the ones over 
which you poured a full flask of cold 
water? 

After several trials, compare your re- 
sults with those shown below. 


Average Average Time to 

e 

Temperature Temperature Melt Ice Cubes 

Hot Water Cold Water in Hot Water in Cold Water 


Trial 1 (Ohio) 
Trial 2 (Oklahoma) 


Trial 3 (New York) 
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water has more heat in it than a glass 
of cold water at the same temperature. 
Why? The bathtub has more mole- 
cules of water moving about. The 
greater the amount of the substance 
the greater is its heat. 

The cup of cold water in the in- 
vestigation had more moving mole- 
cules than the inch of hot water. True, 
the molecules of hot water were mov- 
ing faster, and a single molecule of 
hot water had more kinetic energy 
than a single molecule of cold water. 
Yet there were many more molecules 
of cold water, so the sum of kinetic en- 
ergy was greater for the cold water. 
The cold water, therefore, had more 
heat. Suppose you had equal amounts 
of hot and cold water. Which would 
have more heat? Why? From your un- 
derstanding of heat, what do you sup- 
pose is the answer to the problem in- 
dicated in the picture? m 


nail heated white hot 


tub of 
cold water 


Barres 


[i WHICH HAS MORE HEAT? WHY? 
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Now that you know the definition 
of heat, why not see if you can find 
a definition of temperature by doing 
some research in the library. 

A star's heat and a stars tempera- 
ture, therefore, give a clue to its size. 


The Sizes of Stars 

“Twinkle, twinkle, little star’—so 
goes the rhyme. But how little is little? 
The star you know most about is 864,- 
000 miles in diameter. That star is our 
sun. 

If the sun were drawn the size of a 
half-dollar, how large in relation to 
the sun would you draw the earth? 
The earth would be about the size of 
the period at the end of this sentence. 
How is it possible to determine the 
size of a star like our sun, which is 
93,000,000 miles away? Perhaps you 
can find out by doing the same type 
of problem, using smaller objects and 
shorter distances, For example, how 
can you determine the size of a lamp 
across the room? 

OF course, you could measure this 
distance with a ruler, but you cannot 
do that with the moon or with a star. 
Can you measure the size of the lamp 


‘tom where you sit? One way of doing 
it is shown in the investigation on the 
Opposite page. 


Giants and Dwarfs 


erhaps you have not yet figured 
out one of the ways that astronomers 
can measure the sizes of certain stars- 

1 ere are very great differences i” 
the sizes of stars. You already have # 


AN INVESTIGATION into a Way of Measuring Things 
That Are Very Distant 


Needed: an object like a lamp or a wall 
clock; a small card, 1” X 12 


Close one eye and look at the lamp 
across the room, as shown in the illus- 
tration.m Hold the card in front of 
you so that it just blocks your view of 
the lampshade. The edge of the card 
should seem to touch the edges of the 
shade, as shown.@ 

Ask a classmate to measure the dis- 
stance between your eye and the card. 
Then ask your classmate to measure the 
distance from your eye to the lamp. A 
Also, measure the width of the lamp- 
shade. Write the results of each mea- 
surement in your notebook. 


How many times greater was the dis- 
tance from your eye to the lamp than to 
the card? five times greater? 

How many times wider was the lamp- 
shade than the card? five times wider? 

How wide was the lampshade? How 
many times wider would you expect the 
shade to be than the card? 

What were the results when you used 
a lampshade or a wall clock? 

How can scientists use this method 
to measure the diameter of the moon 
or the sun? Astronomers have special 
equipment for looking at the sun. 
CAUTION: YOU SHOULD NEVER LOOK 
DIRECTLY AT THE SUN UNDER ANY 
CIRCUMSTANCES. 


eye ) 


= Teet >| 
= 2 kee 
a, 1 inch wide lampshade 
_ 5 inches 
in diameter 
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A 


clue to the differences in the tempera- 
ture of stars from pages 374-76, Some 
stars are red, others white, others yel- 
low, still others dark. The tempera- 
tures of the stars can also give us a 
clue to their sizes, 

By using the spectroscope, astrono- 
mers have found that the red star An- 
tares has a surface temperature of 
about 5,500° F, Our sun has a surface 
temperature of 11,000° F, Thus for 
every square inch of surface, the yel- 
low sun is producing more heat and 
light than the red Antares. 

If we measure the total heat and 
light given off by Antares, however, 
we find that it is giving off more than 
2,000 times the heat energy and light 
energy of the sun. How can we relate 
these two observations? 


OBSERVATION 1; 

Each square inch of the surface of 
Antares is giving off less energy than 
each square inch of the sun’s surface, 
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OBSERVATION 2: 
The entire red star is producing 
more energy than the entire sun. 


One explanation of these observa- 
tions is that Antares, although cooler 
than the sun, is bigger, This would ex- 
plain why the entire red star produces 
so much more energy than the entire 
sun. In fact, the diameter of Antares p 
about 320 times greater than the di- 
ameter of the sun. Thus, if the diame- 
ter of Antares were about the same as 
that shown in the picture, the sun 
would be about the size of the head 
of a nail. © 

To understand the idea of relative 
size in a different way, examine the g 
bits of the planets shown in the dia- 
grams. The diameter of the star An- 
tares would be greater than the diam- 
eter of the orbit of the planet Mars. 

Antares is a red giant. There are 4 
few other red giants as large or large” 
than Antares. Most stars, however, are 
medium-sized like the sun, Compared 
with the huge red stars, the sun is not 
very large, 

Nevertheless, 
We depend upo 
ergy and, there 


the sun is our star- 
1 it for our light en- 
fore, for our food, for 
without light energy, green plants 
would not be able to make sugars, 
starches, and other types of food. . 
animals depend on this food whether 
they feed on Plants directly or feed on 
Plant-eating animals, , 

Even at a distance of 93 million 
miles, the sun is large enough anc 
near enough to support life on earth. 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 
section. 


J. Of these two, one is hotter. That one is a 
a. white-hot piece of steel b. red-hot piece of steel 


2. Of these two, one has more heat. That one is a 
a. large red star c. small white star 
b. small yellow star 
3. To determine the temperature of a star, scientists use a 
a. thermometer b. spectroscope 
4, The brighter portion of the spectrum of a blue-white 
star is the 
a. red section b. blue section 
5. A yellow star (the size of our sun) as compared with a 
red star (the size of Antares ) 
a. has more heat b. has less heat 


6. A quart of water at 60° F has more heat than 
a. a pint of water at 60° F 
b. two quarts of water at 60° F 


7. The molecules in a glass of hot water, as compared with 
those in a glass of cold water, are moving 
a. faster c. slower 


b. at about the same speed 


B. Write a paragraph or two on this topic: Colors of Stars. 


USING WHAT 1. What is the source of the heat and light of some stars? 
Y z ¥ 
OU KNOW 2, What is the explanation of Algol’s regular appearance 


and disappearance? 
3, What is your “educated guess” as to why certain stars 
are dark? 
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ON YOUR OWN 


1. Study once again the investigation on page 377. “ ; 
you used a card 1” X 1” to blot out an object (a lampshade 


. ; were 
on the opposite side of the room. Two measurements we 
necessary. 


a. distance from the eye to the card 
b. distance from the eye to the object 
From these measurements you were able to get an idea of the 
size of the object. Can you state this relationship in a mathe- 
matical formula? 
(Look back to Unit Four. There you may have tried to mea- 
sure “work” by using a mathematical formula. ) 


2. In order to use the method in the investigation on page 
377 to measure the size of an object, you must know the dis- 
tance between you and the object. Thus, astronomers must 
know how far away a star is if they wish to measure its size- 

Suppose scientists know the size of a certain star and want 


to know its distance from the earth. Could they use a similar 
method and a similar formula? f 
On your own, you may wish to vis 
more about measuring distance 
tronomy will be of help. 


it the library to learn 
s in space. Guidebooks on as- 


3. Numbers of Stars 


How many stars can you see on a 


understanding of it. Even so, man 


studied the sky long before he in- 
vented instry 


clear night? Suppose you were to 
focus your eyes, without the aid of a 
telescope, on a part of the sky. What 
would you see? Perhaps you would 
see something like the part of the sky 
that is shown in the bottom picture. m 
Suppose, next, that you use a huge 
telescope to look at the same part of 
the sky. You might see what is in the 
top picture. ®© 

As we improve our techniques for 
studying the sky, we improve our 
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ments such as the huge 
Hale telescope located at Mount Palo- 
mar. Soon man may use the moo” 
Or space stations as observatories. 
From such vantage points he wil 
learn even more about the universe 
and what is in it. 
ow many stars 
clear night? 
impossib 
Astrono 
aided e 
stars o 


can you see on & 
It would þe an almost 
le task to count them all. 
mers tell us that with the un- 
ye we can see as many as 2,500 
n a very clear night. If you 


used a telescope, you would be able 
to count many more. But, since you 
can see only half of the entire sky that 
surrounds the earth at one time, it is 
possible to see only about 5,000 stars, 
even with the aid of a telescope. 

Ancient man built observatories 
many centuries ago. They did not 
have telescopes in them, but they 
were used to study the movements of 
objects in space. The remains of 
one at Stonehenge, England, con- 
sists of stone pillars placed in a circle. 
Through these, man could predict ex- 
actly where the sun and moon would 
rise at any time of the year. There 
is also evidence that this observatory 
was probably used to predict the 
eclipses of the moon. 

The farther man looks into the 
universe, the larger it seems to be; 
the more stars and groups of stars 
he discovers. He does not yet know 
where, or even if, the universe ends. 
All he knows is that every time he 
develops an instrument for looking 
farther, he discovers that the universe 
is larger. Today, in addition to the 
giant 200-inch Hale telescope at 
Mount Palomar, huge radio telescopes 
are probing even deeper into space. 

If you could make a star map of 
the sky section by section, however, 
you might be able to count all the 
stars. This is now being done for all 
the stars in our galaxy ( gal’ak-sé). the 
Milky Way Galaxy. A galaxy is a large 
rotating mass, or system, of stars, 
having a common center. The Milky 
Way Galaxy is made up of all the stars 


in the group of which our sun is a 
part. Astronomers say there may be as 
many as 100,000,000,000 (one hun- 
dred billion) stars in our galaxy. How 
do they arrive at that number? Is it 
fairly accurate? Is it just a guess? The 
investigation on the following pages 
will help you to understand one way 
of counting or estimating the number 
of stars in a galaxy. 
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AN INVESTIGATION into a Way of Counting Very Large Numbers 


Needed: 100 brown bean seeds; 100 
white bean seeds; 100 corn seeds; 
a large box of toothpicks—red, 
green, plain (your teacher will be 
the only one who will know the ac- 
tual number of toothpicks and the 
number of each color) 


Be certain that the beans and corn are 
mixed thoroughly. Perhaps you might 
do this in a jar which you can shake 
again and again. Now how could you 
determine how many seeds of each 
kind are in the jar? 

Try this: Scoop up some seeds. m 
Use your hand or a small cup. Each 
time you Scoop some seeds, use the 
same scoop and Scoop from different 
parts of the large jar. Count the num- 
ber of white and brown beans and the 


number of kernels of corn in each 
scoopful.e@ Each scoop is a sample of 
the contents of the entire jar. 

In two classes where this was done 
with the same jar of seeds, it took ten 
Scoops to remove just half of the seeds 
from the jar. The results are shown on 
the opposite page. A 

Would you conclude from this aver- 
age that there are probably equal num- 
bers of each kind of seed in the jar? Of 
course, you knew the answer in ad- 
vance. How many seeds of each kind 
were in the jar? The jar was half full 
when you finished scooping. There 
must have been twice the number of 
those counted. You know this answer in 
advance, too, This is always good to 


know when you try out a new method of 
investigation, 


_ ae 


Number i - Kimas annas ee 
Scoop of items Brown beans White beans Corn 

1 14 6 4 4 
j 16 5 6 5 
3 13 4 4 5 
3 6 6 4 6 
: iE 5 6 5 
6 16 5 4 7 
7 15 4 6 5 
5 14 7 4 3 
5 15 3 6 6 
A 14 5 4 5 
50 48 Sl 


This new method of counting is 
known as sampling. Now try the same 
investigation with the toothpicks. This 
time the problem is a bit more difficult. 
You do not know how many toothpicks 
are in the bunch. Also you do not know 
how many of each color there are. 


Clue: Scatter the toothpicks evenly 
over the top of a table where you can 
measure the entire area. Mark off sev- 
eral l-square-foot areas.@ Note the 
total area of the table. Then calculate 
the total number of toothpicks and 
determine the accuracy of your results. 
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a 
Sampling the Stars 


stars, he photographs them. Photo- 
graphs are very accurate records and 
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enable the observer to check carefully 
the parts of the sky he has photo- 
graphed. Suppose he had photo- 
graphed different parts of the sky— 
just as you (in your investigation ) 
scooped out the beans (sampling). 
For example, the picture on the left 
shows a large section of the Milky 
Way Galaxy. BThe lines show how 
twelve separate photographs could 
have been pieced together to make 
this picture. 

Each photograph is like your scoop. 
It takes pictures of only certain parts 
of the sky. If you have samples of, for 
example, 100 parts of the galaxy, this 
is the first Piece of information you 
need. What else do you need to know? 
You need to know the total area of 
the galaxy. 

Recall this clue from the investiga- 
tion on Page 382. Scatter the tooth- 
Picks over a known area. It would 
make a great difference, would it not, 


whether you scattered the toothpicks 
Over 


a. 100 square feet 

0 square feet, 

In a above, if you took a sampling 
Over several l-square-foot areas and 
und that, on the average, there are 
Picks in each area, you might 
Say that there are about 1,000 tooth- 
Picks on the table. In b, if your sam- 
pling again indicated an average of ten 
toothpicks Per square foot, then there 
are about 100 toothpicks altogether. 
otice the word about. Sampling 
gives you only a very good estimate of 
the total number. The word about 


or @ 


shows that there is some error (how- 
ever slight) in the count. In any 
event, you must know two things 
about the subject of the investigation. 


1. You must know the size of the 
samples. 

2. You must know the size or bound- 
aries of the entire subject you are 
investigating. 


Our galaxy, the Milky Way, has 
been measured. It has not, however, 
been measured in the units with 
which you are most familiar. The dis- 
tances in space are far too great to 
be measured with the same systems 
we use to measure distances on earth. 
The measure, or ruler, for space is the 
light-year. The light-year is the dis- 
tance that light travels in one year at 
a speed of 186,000 miles per second. 

In one year light travels about 
6,000,000,000,000 (6 trillion) miles. 
The unit, 1 light-year, therefore equals 
about 6 trillion miles. Our galaxy has 
been found, by careful probing with 
telescope and other ways of observ- 
ing, to be shaped like a pancake thick- 
ened in the center. Across, it is about 
100,000 light-years in diameter. A 
Through the center, it is about 20,000 
light-years. @ Slowly it whirls about in 
space. What does a sampling of its 
stars tell us about the number of stars 
in the galaxy? 

There are about 100 to 200 billion 
stars in our galaxy. The nearest star is 
our sun. The next nearest, Alpha Cen- 
tauri, a star about the size of our sun, 
is about 4 light-years away. If you 


MILKY WAY GALAXY 


were to put a searchlight 27 miles 
away, you could, on a very dark night, 
see it as a pinpoint of light. This is 
about the way you see Alpha Cen- 
tauri. We do not know if there is life 
elsewhere in space, but just suppose 
there was an observer on a planet in 
orbit around Alpha Centauri. Suppose 
he was using a telescope powerful 
enough to allow him to look at your 
school. Would he see it as it looks to- 
day? No. He would see it as it looked 
4 years ago. Why? 
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i t re- 
BEFORE A. Study the statements below and choose the correct r 


YOU GO ON sponses. They will help you fix in mind tl 


USING WHAT 
YOU KNOW 


he concepts of this 
section. 


l. Our galaxy, the Milky Way Galaxy, has about saa 
a. 1,000,000 stars b. 100 to 200 billion star: 


2. In countin 


; od 
& stars we can use a mathematical meth 
known as 


a. sampling b. photography 


a. light-year b. width of our galaxy 
galaxy is about 
b. 100,000 light-years 


4. The diameter of our 
a. 100 light-years 


B. Write a paragraph or two on this topic: The Light- Year. 


lL. A rancher who owns a 
gopher holes on hi 


e 

years away from th 

m in jong would it take you to Set to Alpha Centauri 

in a spaces ip traveling at a speed of lli onth! 
t- am 

(By the way, no such iyeu 


4. The History of a Star 


Almost 900 years ago, in the year 
1088, Chinese astronomers saw aà 
“new” star born, or so they thought. 
Modern astronomers know something 
of the history of such “new stars. 
They are really not new stars at all. 
How they become new stars, OF, 
rather, how they appear to renew 
themselves and suddenly become 
much brighter, is an interesting story 
ə The story 
icates how 
to be. 


and an important one. l 
gives us a clue that ind 
the elements may have come 


The Meaning of a Word 

Nova means “new” in Latin, so 
the word “nova” was the name given 
to a so-called “new” star. These stars 
are really very old but have come to 
life again. How is this possible? 

Certain stars, like our sun, slowly 
use up their atoms of hydrogen in the 
process of fusion. This process takes 


place in our sun and in many other 
stars as well. What can happen to a 
star which gets its energy from the fu- 
sion of hydrogen? 

Recall that atoms of hydrogen fuse 
to form helium, and in so doing, some 
of the matter is changed into energy 
(page 369). Now, how long can this go 
on? It can go on as long as the star 
has enough hydrogen. If the change 
from hydrogen to helium continues, 
a time will come when no more hydro- 
gen is left. Then what will happen? 
According to the best knowledge at 
present, this is what would happen. 

Slowly, over millions upon millions 
of years, the hydrogen is used up. 
Why millions? A star is quite huge; 
for example, the sun has a diameter of 
864,000 miles. Its volume is tremen- 
dous. 1,000,000 earth-sized globes 
could fit inside the sun. 

As the hydrogen is used up, the he- 
lium increases. Where would you ex- 
pect the helium to collect? First, a 
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helium atom 
heavier than a hydrogen atom. Be- 
cause of its heavier weight, the helium 


slowly gathers toward the center of 
the star. The 
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Joser? 
of a gas are pressed closer and closer? 
Try the investigation on the opposite 
page and see for yourself, 


A Star Explodes 

As the hydrogen is used up, more 
and more helium is produced. The 
star becomes hotter and hotter as the 
pressure within it becomes greater 
and greater and greater, The kinetic 
energy of the atoms increases. The 
atoms of helium get even closer, 
bouncing against each other with 
Sreater and greater energy. The pres- 
sure builds up to such a point that 
the star explodes. It flares up in a 
brilliant, brilliant light and becomes 


a Nova or a very huge nova, called a 
2 é 
Supernova, © 


The Stars—As Factories 
For a long time astronomers had 
been wondering how the elements 
were formed. There are 92 natural ele- 
ments on earth; Oxygen, nitrogen, 
iron, sulfur, and uranium are exam- 
pies. Scientists have been looking for 
a theory (an explanation ) as to how 
the elements were formed, One fact is 
Certain: the elements do exist. 
Xperimentation Provided a clue. 
S a result of Many experiments and 
advanced technology, scientists have 
been able to make several new kinds 
of atoms by bombarding nuclei of cer- 
tain ordinary atoms with atomic bul- 
ese new atoms are plu- 
: neptunium, There are 
nme oth "S; among them curium, 
einsteinium, and others. Some of these 


AN INVESTIGATION into Compression of Gases 


piston 
compressed 


Needed: a bicycle pump; a deflated bi- 
cycle tire or a deflated basketball 


Feel the bicycle pump and feel the tire. 
Now ask a friend to pump up the tire, 
and as he makes the downstroke, feel 
the pump below the piston.m™ Also 
feel the metal hose connection. What 
has happened? The pump below the 
piston has become hot. In other words, 
the kinetic energy of the molecules has 
increased. 

What is your explanation of the in- 
crease in heat of the air (the gas) in 
that part of the pump? 

The apparatus shown below the 
pump is called a J-tube.@ Suppose the 
mercury in the long part of the tube 
were increased in amount. The pres- 
sure on the air increases. What would 
you expect to happen to the tempera- 
ture of the air in the J-tube as the 


Pressure on it increases? 


Additional Investigation: If a J-tube like 
the one shown and a small amount of 
mercury are available, fill the tube as 
shown in the diagram.a What is the 
effect on the volume of the gas in the 
tip of the tube as the pressure in- 
creases? Use a ruler and measure very 
Carefully. Which column of mercury 
rises more rapidly? the one on the left 
or on the right? How much more rap- 
idly? Why? 


LJ 
air o 
mercury 


air 
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new atoms were made in atomic piles, 
and others were made by using the 
cyclotron. By bombarding certain 
nuclei with atomic bullets, new and 
larger atoms can be created. 
Imagine then that a supernova 
flares up, spraying its surroundings 
with atomic particles! Neutrons, pro- 
tons, electrons, and alpha particles 
(helium nuclei) fly apart and then 
come together again. As they come 
together, new atoms form. Over a long 
period of time many different kinds 
of atoms are formed. Some 
the ones with which we a 
miliar on earth: nitrogen, 
tassium, iron, and others, 
As a su 
slightly, 
with the 


of them are 
re most fa- 
carbon, po- 


Pernova begins to cool 
the different Particles fuse 
different atoms. Heavier and 
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heavier atoms are formed. The super- 
nova becomes a factory of elements. 
This is a theory to explain what some 
scientists believe happens. How else 
could we explain the origin of ele- 
ments? Do you have a better theory? 
Perhaps another will be developed in 
the next few years. 

The elements formed in the super- 
nova are the same as those that are 
found on earth and in other parts of 
the solar system. The atoms of ele- 
ments find their way into space. 
Sooner or later they may become a 
part of a cloud of whirling particles 
like the Crab Nebula, shown below. & 
Astronomers believe that this great 
mass OF whirling particles was oncë'a 
Supernova. Sooner or later these 
Whirling Particles may form a new 


star; and perhaps around this star 
some planets may be formed. Perhaps 
this is the way our solar system was 
born. Perhaps this is the way the 
elements which make up the earth 
came to be part of it. 

As we have said, further investiga- 
tion in the years to come will give 
more evidence and better explana- 
tions of the evidence. Our theories 
may change as new evidence is intro- 
duced. 


BEFORE A. Study the statements below and choose the correct re- 
YOU GO ON sponses. They will help you fix in mind the concepts of this 


section. 


J. A nova is an 
a. old star which b. entirely new star 


becomes brighter 
9, A star has a supply of hydrogen which is never used up. 
This statement is 


a. true b. false 
3, A star's supply of hydrogen usually lasts 
a. 10,000 years b. millions upon millions 
of years 


4, As atoms become compressed, their kinetic energy 
a. increases b. decreases 


5. As kinetic energy increases, the temperature 
a. increases b. decreases 


B. Write a paragraph or two on this topic: A Nova. 


USING WHAT What theory is currently considered to be the best explana- 


YOU KNOW tion for the origin of the elements? 
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ON YOUR OWN 


392 


1. What are the man-made elements? The names of some 
were given in the section you have read. As of now, how 
many are there altogether? In the library, a new reference 


book in chemistry should provide a complete list. They are 
sometimes listed as the transuranic ( 


ments. Why is it necessary to use a new 
would an older reference book not be sa 


trans’yoo-ran’ik) ele- 
reference book? Why 
tisfactory? 


2. Robert Boyle discovered this law about the behavior of 
gases: If the temperature remains the same, the volume of a 
certain amount of gas varies inverse] 
example, if the pressure is doubled, 
half. Can Boyle’s Law b 
(page 389)? 


y with the pressure. For 
the volume will be one- 
e applied to the air in the J-tube 


5. Motions of the Stars 


You can find out something about 
the motions of the st 
way. You can get one clue by trying 
to find out whether an automobile is 
Moving toward you or away from you, 
and you must determine whether it is 
moving toward or away from you only 
from the sound of its horn, Suppose 
you are standing on the sidewalk with 
your eyes closed while an automobile 
comes down the street with its horn 

owing Constantly, 


ound travels at a speed of 1,100 
feet 


ars in an unusua 


aà Second. As the car travels 
toward you, the sound waves will be 
crowded 


together, m When sound 
waves are crowded together, the 


sound of the horn is pitched higher. 
This is so because each second there 
are More soun 


d waves coming toward 
you. As the automobile moves away 


from you, wil] the sound be pitched 


higher or lower? m Why? Are the 
sound waves packed closer together 
or are they farther apart? The illus- 
tration will help you to decide. 

What has this phenomenon to do 
with the motion of the stars? 


Clues from Light 

The sound of the horn gives a clue 
as to whether an automobile moves 
toward us or away from us. In much 
the same way, objects in space that 
are giving off light give a clue as to 
how they are moving. 

If a certain object were moving 
toward the earth, what would happen 


to its light waves? 


The Doppler Effect 

Christian Doppler, a German sci- 
entist, wondered about certain phe- 
nomena in regard to sound. He finally 
described the phenomenon that is 
known as the Doppler effect. 

The Doppler effect is: Sound that 
comes from an object traveling toward 
you increases in pitch; the sound is 
higher. As the object travels away 
from you, the pitch becomes lower. 
The reason is that sound waves travel- 
ing in front of a moving object are 
pushed closer together, thereby in- 
creasing the frequency. Frequency is 
the rate at which waves (sound or 
light) pass a fixed point and is meas- 
ured in waves per second. For in- 
stance, the string for middle C on a 
piano vibrates with a frequency of 256 
times per second. Frequency is the 


rate of vibration. 


smaller 


number 
of waves 
per second 


greater 
© 


How can astronomers determine 
whether the light from an object 
is traveling toward the earth or away 
from the earth? The clue is in the 
Doppler effect, and the evidence is 
obtained by analyzing light with a 
spectroscope. 

Just as sound waves that come 
from an object moving toward you 
have a higher frequency, so also do 
waves of light. The light waves com- 
ing from an object which is moving 
toward the earth would be of a higher 
frequency. That is, a greater number 
of waves would reach the earth each 
second. Each color in the spectrum 
has a different frequency. ® The color 
having waves with the highest fre- 
quency (most crowded) is violet. 
Therefore, if a star were moving 
toward the earth, the line of its spec- 
trum would be crowded toward the 
violet end. A star moving away from 
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22S ean ee E 


normal 
spectrum 


the earth would have the lines of its 
spectrum crowded toward the red 
end. Red light waves have the lowest 
frequency (are the least crowded) of 
any in the visible spectrum. This is 
called the Doppler shift or sometimes 
the “red shift.” m 

Scientists have used the Doppler 
effect to study the motion of other gal- 
axies far away from our own. They 
have been surprised to find that each 
distant galaxy has shown a shift 
toward the red in its spectrum. Does 
this mean that all the other galaxies 
are moving away from us? 

Many astronomers take this as ev- 
idence that the entire universe js 


; ; atall 
spreading apart or expanding, that a i 
star systems are moving farther ant 
farther away from each other. 


The Motions of the Stars , 

All stars are moving. The stars 1m 
our own galaxy are revolving around 
a center, like a giant wheel, as 
shown.® Of course, our star, the su” 
is moving, along with the other stars, 
around the center of the galaxy as 
well. 

Sometimes the motion of a star can 
be discovered by photographs. Look 
at a picture of Barnard’s Star (named 
for Edward Emerson Barnard) in out 
Milky Way Galaxy. Notice also the 
Photograph of the same star taken 
twenty-two years later, The star has 
moved. It is moving even now. 

Scientists can predict the motion of 
stars and other bodies in space, such 
as comets. For instance, it is almost 
certain that Halley’s comet will appear 
again in 1985: its last appearance W as 
in 1910+ Scientists can predict sas 
orbit and know that it appears ap- 
proximately eyer 

Why is it th 
and 


y 75 years. 

at you cannot see stars 
other objects in space move a’ 
you watch them? The explanation 15 


simple. Suppose You watch a friend 
walk by close in front of you. He 
walks quickly. If he were far away, 


for example, a mile, he would seem 


to move more slowly across your field 


of vision. Though some stars move at 
50 or 60 miles a second, they seem to 
move hardly at all. The positions of 
the stars in the sky do not seem to 
have changed very much since man 
started to notice their movements. 
Barnard’s Star, which moves across 
the sky with the greatest speed we 
know, ‘has taken almost 180 years to 
move a distance that looks about the 
same as the diameter of the moon (as 


we see it). 
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All the stars move, even the North 
Star. It is rushing away from us at a 
speed of 15 miles every second. How 
much farther away will it be by the 
time you finish this sentence? 


The Meaning of It All 

No one quite knows what all this 
means to us, except that the universe 
is vast, with a vastness the human 
mind cannot seem to understand. Yet 
the universe is not a place where 
things stand still. In our universe all 
is motion. In our universe everything 
is changing. 

All is motion. 

Allis change. 
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BEFORE 
YOU GO ON 


USING WHAT 
YOU KNOW 


ON YOUR OWN 
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A. Study the statements below and choose the correct re- 
sponses. They will help you fix in mind th 


e concepts of this 
section. 


1. An automobile travelin 
be distinguished from one g 
sound is pitched 

a. higher 


8 toward you, horn blowing, can 
oing away from you because the 


b. lower 
2. A star moving away from the e 
of its spectrum shifted toward the 
a. red end 


arth would have the lines 


b. violet end 
ometimes called the 
b. blue shift 


he universe is 


3. The Doppler shift is s 
a. red shift 


4. There is evidence that t 


a. expanding b. getting smaller 


ower 
Was the car approachi 
ing the ? away 
Supt g bank? Or moving 
Be TA light from a distant galaxy shifts toward the red 
of the Spectrum, Iş ; i 5 ? 
Or away? S it moving toward our solar system 


What is the reason for your answer? 


'stian Doppler? Em X; 
and share your knowledge Report on his life and wor 


with your class, 


6. The Main Concept: 
The Changing Universe 


On a dark, clear night. we look into 
the skies at the stars. We search out 
Polaris, the North Star—and there it 
is. @ Ships and aircraft can be guided 
by the North Star. We look for other 
stars and there they are, just as they 
appear on sky charts. The moon seems 
always to be where it is supposed to 
be. All seems to stay the same; nothing 
seems to change. 

We know differently. We know that 
our galaxy, the Milky Way, is whirling 
in the skies and that our star, the sun, 
We know our 


is moving as well. 
The evidence 


planet, earth, is moving. 


tells us also that all the galaxies of 


stars are moving away from us and 


i 


+ æ Cassiopeia 


Cepheus 


Polaris 


away from each other. It seems clear 
that everything is moving; and change 
is taking place everywhere. Nothing 
in the universe remains the same as it 
was a moment ago. 

Should this disturb us? Not at all. 
The movements of the stars are not 
helter-skelter. The fact that scientists 
can predict where the stars will be 
tells us that their movements are reg- 
ular and uniform. Their movements 
are orderly. Isaac Newton discovered 
the law that tells us how an object con- 
tinues in motion and remains in orbit. 
Also, Newtons Law of Gravitation 
explains how objects in space attract 
each other. There are many other laws 
which man, as a scientist, has stated 
as he tried to find out more about the 
universe. These laws enable us to 


& 


pointers 


h ad 


\ 


Little Dipper 
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understand certain events, such as 
the revolution of the moon around the 
earth. Scientific laws also help us tö 
predict events. Thus, Gregor Mendel S 
Laws of Heredity help to explain how 
plants and animals inherit certain 
traits and how man uses them. 
Understanding Newton’s Laws of 
Universal Gravitation made it possible 
for us to predict what happens to a 
spaceship as it approaches the moon. 

A scientific theory can become a 
scientific law if, over many years, the 
theory is tested by observation and 
experiment. If the theory continues to 
explain new things (such as the þe- 
havior of a spaceship approaching 
Mars, Saturn, or objects in space) 
we call it a law. Newton’s Law of Uni- 
versal Gravitation has been tested 
for about 300 years. 

In the universe all is change. Stars 
change. We know a star to be a nu- 
clear furnace. It may be an active fur- 
nace, a dying one, or an exploding one, 

If its nuclear fuel is hydrogen, the 
hydrogen is fusing into helium. It is 
the fusion of hydrogen into helium 
which gives certain stars t 
—light, heat, and other f 
diant energy. As stars change more 
and more of their hydrogen into he- 
lium, helium atoms become packed 

near the center. Finally, this packing 
(which causes great pressure) can no 
longer continue. The star explodes and 
becomes a nova—a “new” star. 

A nova is really an old star which 
suddenly becomes brighter as it ex- 
plodes. Novas or supernovas (giant 


? 


heir energy 
orms of ra- 
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novas) create more changes in our 
universe. They seem to be factories 
of the elements—exploding newly 
formed elements out into clouds of 
particles, Perhaps these clouds are the 
beginnings of a new solar system. 

Our sun and its planets may have 
started this way, as shown in the illus- 
tration. E Notice how the swirling 
cloud of particles might have col- 
lected and changed shape to form our 
sun and planets. This is one way it 
could have happened. Much investi- 
gation must be done, however, before 
we will really know how our solar sys- 
tem started, 

If you become a scientist some day, 
there is much for you to discover 


about the changing universe. If you 
do not become 
still w 


are m 


a scientist, you may 
ant to know what discoveries 
ade during your lifetime. 

You must realize that you are liv- 
ing in a great age of investigation—in- 
vestigation into the nature of the earth 
and of the universe. 

A great deal is known but scientists 
realize that there is much more to be 
earned. After all, it has only been dur- 
ing the last 500 years that “modern 
science” had its birth. Scientists often 
consider that “modern science” began 
with Galileo, who lived from 1564 to 
a TT a 
tists have been exploring the secrets 
of the universe. More than half of all 
the scientists who ever lived are alive 
and at work today. It seems certain 


then that, in the future, much more 
will be discovered, 


E ONE CONCEPT OF THE WAY OUR SOLAR SYSTEM WAS FORMED 


@ spin increases © bulge forms 


SS 


@ cloud of particles spinning 


À 


@ bulge expands @ bulge separates @ tings separate 
into rings into planets 
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Fixing the Main Concepts 


TESTING Test your understanding of the import 


ant concepts in this 
YOURSELF unit by doing these problems. 


ee eee 
1. An object is discovered in the sky. It gives off R cae 
yellow light. First measurements show that it has a diamete 


of about 800,000 miles. The object is probably a 
a. meteor c. moon 


b. planet d. star 


2. The spectrum of an object in the sky shows that it is 
crowded toward the red end. The object is 
a. moving toward us 


c. becoming a nova 
b. moving away from us 


d. a dark star 


uclei and fission of atomic nuclei m 
Setting energy from matter. We could say tha 


a. matter js unchanged 
b. matter is changed 
into energy 


c. matter gains weight 
d. energy is changed 
into matter 


5. Some Scientists believe that the red shift in the spectrums 
of distant galaxies jg evid 


€nce that the universe is 
a. expanding b. revolving 


6. By determining the exact colors of a star in the light 
spectrum, astronomers can determine its temperature. For 
this purpose they use a 


a. telescope c. thermometer 
b. spectroscope 
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7. When four atoms of hydrogen fuse to form helium, 
0.029 of a unit of matter is apparently missing. It has besi 
converted into 

a. water c. energy 
b. hydrogen d. matter 
8. A bathtub full of cool water has more heat in it than a 
hot nail because it 
a. has a higher temperature 
b. has more molecules 
c. has fewer molecules 
d. is water 


QUICK TEST 1. A gas lighter than oxygen is 
a. carbon dioxide b. hydrogen 


2. One of these equations is correct. Which one is it? 
a. 2H, + O:-> 2 H:0 b. 2H: +O > 2 H:O 


3. When hydrogen atoms fuse, we have a 
a. chemical reaction b. nuclear reaction 


4. We get energy from atoms whether they undergo fis- 


sion or 
a. fusion b. diffusion 
5. Which one of these stars would be most likely to have 
a spectrum with an even range from violet to red? 
a. a yellow star c. a red star 
b. a blue-white star 
6. The light-year is a measure of 
a. light c. distance 
b. frequency 
7. The factories of elements are thought to be the 
a. stars b. comets 
8. Sound waves from an object moving toward you have a 
a. higher pitch, or higher frequency 
b. lower pitch, or lower frequency 
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FOR YOUR 
READING 


9. The stars do not seem to be moving because they are 
a. really moving very b. so far away 
slowly 


10. The Doppler effect i 
shifting of both light and 
a. sound b. heat 


s based on observations of the 


1. The Stars for Sam, by W. Maxwell Ree 
Harcourt, Brace & World, New York, 1960. 
This book is a full accou 


d, published by 


nt of the stars from the time the 
m to the work of the modern as- 
Stars is discussed from their “birth’ 


A Concept of Change: A New View 


People once thought that every- 
thing in the universe remained pretty 
much the same; that the earth re- 
mained in the same place; that the 
mountains were there forever and so 
were the seas. m 

Now we know that “things are not 
always what they seem.” What seems 
to be happening is not always what 
really is happening. We cannot sense 
the motion of the earth; yet we know 
that the earth and eight other planets 
are rotating at the same time that 
they are revolving at a tremendous 
speed around the sun. 

The moon revolves around the 
earth; the earth revolves around the 
sun, The sun is only one star among 
the many billions of stars in our gal- 


axy and all the stars in our galaxy 
are moving. F urthermore, there are 
millions of galaxies in the universe, 
all moving away from our own galaxy 
at great speed. 

The universe is so vast that we can- 
not as yet thoroughly understand it; 
but we have reached the understand- 
ing that all things in the universe are 
in motion, and that all things change. 
The changes may be so quiet or so 
slight as to go unnoticed, or they may 
be as violent and dramatic as an 
earthquake, a volcanic eruption, a 
tidal wave, a landslide, or a flood. 
They may occur daily, monthly, sea- 
sonally, or they may extend over bil- 
lions of years. Some changes are ob- 
servable, but some changes can only 
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be reconstructed from evidence re- 
corded in the earth itself. Man is 
limited only by his short period of 
observation. 


Change in Matter and Energy 

Even though our world is con- 
stantly changing, scientists know that 
it is not a world of disorder. As man 
learns and develops concepts about 
our world, he can predict many 
changes that may occur and, in some 
cases, control them. 

For instance, Scientists can predict 
where the moon will be at a certain 
time. Otherwise, they might never 
have been able to shoot Ranger VII 
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toward it or to photograph its surface, 
as shown in the illustration. Œ Be- 
cause the movements of the earth and 
of the moon are precise enough to be 
predicted, it is even possible to think 
of landing men on the moon. 

Man, as a Scientist, does not limit 
his observation to only those things he 
can actually see. It js possible for him 
to explain things he cannot “see” with 
his eyes. He uses indirect evidence. 
The movement of dist 


ant galaxies, for 
Instance, can be expl 


ained by means 


of the Doppler red shift. 

Our underst 
be changed 
plain how 


anding that matter can 
to energy helps us to ex- 
the sun radiates light and 


heat. The concept is restated here as: 
Energy can be changed into other 
forms of energy. Matter can be 
changed into other forms of matter. 
Matter can be changed into energy. 
However, the total amount of matter 
and energy remains the same. 

Knowing this concept of matter and 
energy, it is possible to understand 
another great concept more easily. 
That concept is: The universe is in 
constant change. 

As part of the universe, we too are 
changing. Birth, growth, maturity, old 
age, and death represent a life cycle 
of change. We change as we grow and 
learn. Our concepts of the world about 
us grow and change as we understand 
more science. This does not mean that 
what we have learned earlier is wrong. 
It merely means that we have learned 
more and, therefore, have a broader 
understanding. Man and, indeed, all 
living things are changing and have 
been changing ever since we began. 


Living Things Change 

It is now known that t 
all living things is affected 
chromosomes. Furthermore, by deter- 
mining the code in the chromosomes 
scientists can predict the kind of off- 
spring that will be born, and to some 
extent, how it will develop. It is the 
DNA molecule in the chromosome 
which carries the hereditary code of 
the organism. The DNA of the gora 
pea carries the code (in the form s 
genes) that causes the plant to rep! 0- 
duce garden peas and not geraniums 


he growth of 
by their 


or whales. The DNA also determines 
traits of the garden peas, such as color 
and height. A DNA code determines 
the traits of cattle, and dogs, and oak 
trees, each having its own particular 
code, which makes it different from 
other organisms. 

We can cross garden peas to get 
certain flower colors and not others. 
In other words, by controlling the pol- 
lination of garden peas, we can deter- 
mine the genetic code to some extent. 
By radiation, we can perhaps alter 
and study the code. It has been pos- 
sible to improve our food supply by 
selective breeding for desirable traits. 

We have learned that the molecule 
DNA, or the genes, can change. In 
other words, when the DNA molecule 
changes, the code is changed. New 
traits appear. Over millions upon mil- 
lions of years, genes mutate and pro- 
duce changes in organisms. 

Unless we provide the organisms 
with the best environment in which to 
grow, the traits will not develop to 
their fullest. The illustration shows 
how a poor environment can hamper 
the development of good traits. In 
order to understand what environ- 
ment has to do with development, an 
important concept must be kept in 
mind. The concept is: Living things 
exchange matter and energy with 
their environment. 

It is possible to predict changes in 
living things, once we know some- 
thing about their heredity (their 
genes or DNA code) and also know 
something about their environment, 
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We have learned to understand 
how organisms develop as we have 
learned to understand and accept this 
concept: All organisms are the prod- 
uct of their heredity and environment 
acting together. 

Over millions of years the kinds of 
animals and plants on the earth seem 
to have changed. Perhaps you have 
wondered why we do not see dino- 
saurs or the huge tree ferns that lived 
millions of years ago. Scientists can 
understand this because they know 

that the universe and everything in it 
is in constant change. The organisms 
are in constant change as well. How 
have we come to understand this? 

If an organism is to survive, it must 
be fitted to its environment. A fish, for 
example, is fitted to live in water, not 


on land. If, for instance, a pond dries 
out, the fishes die, 


k, DF, y R PH: 
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Over millions upon millions of 
years, the environment changed. The 
land environment became drier. Some 
of the land that is dry desert was once 
a moist, tropical forest inhabited by 
many kinds of dinosaurs. As the land 
became drier, those organisms that 
were able to adjust to a changing envi- 
ronment reproduced and survived. 
Those that were not, the dinosaurs 
perhaps, died out. This is one way that 
scientists explain why the same kinds 
of organisms that lived millions of 
years ago are no longer found. 

It is therefore not only the planets, 
comets, and stars which change. It is 
not only nonliving matter and energy 
which change. Living things change 
as well. Over millions of years, only 
the organisms on this earth that have 


been best fitted to the changing en- 
vironment have survived. 
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As the scientist explores the uni- 
verse, he looks for orderly explana- 
tions of the things he sees. Whenever 
he sees something new, he seeks to ex- 
plain it. He tests his explanations by 
carefully controlled investigations— 
often in a laboratory. 

As the scientist tests the phenomena 
he seeks to understand and to explain, 
he comes to see that at least some 
things of the world of matter, energy, 
and living things can be explained and 
understood and predicted. As he un- 
derstands the world about him, and 
can predict events, man can modify 
his environment. He can breed ani- 
mals and cultivate plants to produce 


more food. 


Developing New Concepts 

The more we investigate in the 
manner of the scientist, the more we 
learn about the concepts of matter, 
energy, and living things. Concepts 
like those in the chart help us to un- 
derstand the world in which we live. 

Because we already understand the 
great concept that the universe is in 
constant change, we can also under- 
stand the concept that organisms are 
in constant change. 

“Normal” processes Over billions of 
years have changed the earth and its 
life to the present form. Rivers flow 
to the sea, cutting valleys and build- 
ing deltas. They flow at different rates 
and carry different amounts of sedi- 
ment, Rain falls, and rocks are weath- 
ered by wind, water, and changes in 
temperature. Waves break along the 


shore, washing it away in one place 
and building it up in another. 

The earth moves through space; 
conditions in space change. Forces 
are at work on the earth; conditions 
on the earth change. Living things are 
dependent on their environment; the 
environment changes. As the environ- 
ment changes, living things change. 

Man, like all other organisms, is in- 
terdependent with his environment. 
Man, as an individual, changes; man, 
as an organism, changes; but man 
makes changes of his own—in his en- 
vironment, in his concepts, and in his 
plans for the future. 

As men change, problems change. 
As problems change, man is forever 
challenged to meet the new demands 
of each new day, for there is still a 
great deal to be learned. 
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THE ART OF 
INVESTIGATION 


Not everything can be learned from books or from other people. 
There may come a time when you find yourself in situations where 
the answers are not in the book, or where there is no one around 
to tell you what to do, or where the answer itself may not yet be 
known. Sooner or later you must find out some things for yourself 
by investigating in the same way that the scientist investigates. 


The investigations in this section are for you to do on your own. 
You will be given some help but only enough to start you off. Some 
of the investigations are fairly easy, while others are more difficult. 
As you look through them, you should find one or two—perhaps 


more—that will interest you. Select one that does. 


Just as you learn to run by running, to write by writing, to play the 
piano by practice, you can also learn to investigate by investigat- 
ing. You learn to solve problems by solving them. While you should 
seek help where you can, it is important to learn how to find out 


things for yourself. 


Let’s take an investigation apart to see how it is made up. In other 
words, let’s analyze an investigation to see what we need to be 


careful about as we work. 
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1. Analyzing an Investigation 


We can use an investigation that is 
similar to one you may have already 
done in Unit Three. 


Background 

Suppose you wanted to study bread 
mold under a microscope. To investi- 
gate bread mold, you would first have 
to grow it. You could grow some by 
taking a piece of white bread and ex- 
posing it to the air for a half hour. The 
spores of bread mold are in the air and 
they will fall on the bread. 

Put a few drops of water on the 
bread, and place it in a closed jar. 
Keep the jar in a warm place. In a few 
days or a week you should find a 
growth of bread moldgy 

Suppose, however, that you want to 


find out whether bread mold grows 


better in the light or in the dark. 


The Investigation 

You could take two slices of bread 
and divide each into two equal parts. 
Place each part in the same kind of 
jar; then add ten drops of water to 
each piece of bread. Put two of the 
jars in the dark (in a closet) and two 
in the light. 

From the evidence you might con- 
clude that bread mold grows better in 
the light; but let’s look into this a bit 
more closely. Was the temperature in 
the dark closet the same as it was in 
the light? Suppose it was not. Suppose 
that the temperature was higher in 
the light. The temperature could be 
higher in the light, could it not? After 
all, light energy can be changed to 
heat energy, 

It is possible then that the greater 
growth in the light was not caused by 
light itself but was caused by the 
higher temperature in the light. In 
order, then, to do the investigation 
Properly, it is necessary to control the 
temperature so that it is the same 17 
both the light and in the dark. 

at was wrong with the way you 

did the investigation? Scientists wou! 

say that the investigation was not we 
planned because not all of the varia- 
es were controlled. Temperature 
light, and Moisture are some of the 
variables in this investigation. One ° 
the greatest mistakes made in doing 
an investigation is the failure to CO" 
trol all of the possible variables. Let’ 
see what Controlling the variables 


pus and how important it is to CO” 
trol them, 


Avoiding Mistakes 

Suppose you wanted to find out 
whether moisture was necessary for 
the growth of bread mold. You could 
first dry the bread (or whatever the 
mold is to grow on) until it is crisp. 

You could put ten drops of the wa- 
ter that has been boiled to kill any 
mold spores into one of two clean 
jars.© One clean jar should be kept 
dry. Keep both jars on a table, side by 
side. Every day, change their posi- 
tions to make sure that one is not any 
nearer a source of warmth or light 
than the other. The variables, tem- 
perature and light, are therefore the 
same for both. 

It would probably be necessary to 
repeat this at least five times (at the 


beginning) to be fairly sure that your 
accident. After all, 


results were no 
acci- 


what happens once could be an 
dent. But if it happens the same way 
in all five trials, you could be fairly 
certain that it happens that way most 
of the time. No true scientist ever 
stops after only one trial. Sometimes 
he may repeat the same procedure for 
as many as 100, or even 1,000, times 
before drawing a conclusion. He may 
fail many times, but he continues to 


try until he succeeds. 

By controlling the variables, light 
and temperature, you made certain 
that moisture was the only variable 
you were observing. It was the condi- 
tion of moisture which varied, or Was 
different, in each of the two jars. One 
jar varied from the other by having 
moisture in it. The difference between 


the conditions in the jars was —— 
to one variable. If mold grew in the 
jar without moisture but did not grow 
in the jar with moisture, then you 
might say that bread mold did not 
need moisture for growth. If bread 
mold grew in the jar with moisture 
but not in the jar without moisture, 
then you might say bread mold did 
need moisture for growth. 

You could come to this tentative 
conclusion, because other variables, 
such as light and temperature, had 
been controlled. The only variable 
which was being investigated was 
moisture. In doing any investigation, 
it is important to search out all the 
variables to be sure that one and only 
one variable is being studied at a time, 
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Another Pitfall ; 

There is more to doing an investiga- 
tion than simply controlling all the 
variables. Look at the illustration and 
then read on to see why. Œ Both the 
boy and the girl tried to find out 
whether moisture is needed for the 
growth of mold. The boy and the girl 
did the same investigation and con- 
trolled the variables, temperature and 
light. The only difference in their 
procedure was that the girl used a 
larger number of samples. 

From which investigation would 
it be more accurate to conclude that 
moisture is necessary for the growth 
of mold? Why? 

Once you have decided what you 
want to investigate, you must con- 
sider two very important things: 


a. You must be sure that you con- 
trol all the variables, 

b. You must plan to repeat your in- 
vestigation enough times to be con- 
fident of your results. 

Now before going further, we need 
to look into the meaning of several 
important words and acts. 


2. A Word About Words— 
And a Word About Acts 


Perhaps you have noticed that the 
word “investigation” has been used in 
this book to describe almost any ac- 
tivity in which you “saw” the results 
yourself. You 
the word 
avoided, 


may be surprised that 
experiment has been 


An investigation includes many 
things, for instance: 

a. Reading.© A person who inves- 
tigates any subject should find out 
what is already known about it. Oth- 
erwise the investigator may only 
waste time by repeating what has al- 
ready been done. To repeat what has 
been done is sometimes necessary, 
however, as you will see later. 

It is always important to know the 
concepts upon which an investigation 
is based. These can often be found by 
reading the work of investigators who 
went before you. For instance, it 
would be peculiar if you announced 
that you had discovered that bacteria 
cause disease. Bacteria have already 
been discovered; and much work has 
been done to demonstrate that certain 
bacteria cause disease in man. The 
work of Pasteur, Koch, Salk, and 
many others already has been done. 
It is important then to find out what 
has already been done or discovered. 

Most scientists spend a great deal of 
their time reading about what other 
scientists have done. This is often 
called library research. Since scien- 
tists build on each other's work, the 
library is important; some would say 
it is as important as the laboratory. 

b. Consulting. A When a book does 
not have the information you need, 
it is always helpful to talk to some- 
one who has done work in the field 
you are investigating. For instance, 
some of the investigations which you 
will deal with soon are concerned 
with light, heat, evaporation, and con- 


densation, in the study of weather. If 
there were a weather station in your 
area, you could visit it and talk with 
a meteorologist (mē'tē-ə-rolə-jist) 
(weather expert). Of course, vou 
should first make an appointment. 


A 


Perhaps you will need to use a light 
meter in your investigation. If 
know a photographer, it would 
wise to consult him on 
light meter, 


you 
be 
the use of the 


Consult with those who have had 
experience, if you can. Make an ap- 
pointment before you go to see them. 

c. Observing. Most of the investi- 
gations you have done in science el 
quired that you observe what was 
happening. By observing you use any 
of your senses, aided in whatever way 
science and technology can help. M 
Your eyes, ears, nose, and senses of 
touch and taste are useful, but gel 
times they are not good enough. For 
instance, you can tell whether a sub- 
stance is hot or cold by feeling it, but 
you might also cause great injury tO 
yourself by doing so. (Never touch bs 
substance to determine whether it is 
hot or cold. Lt might be burning hot, 
or below freezing temperature, as iS 
dry ice.) Using a thermometer (a 
Piece of equipment, a result of sci- 
ence and technology ) is a better way 
of observing whether a substance 15$ 
hot or cold. It is also more accurate. 

In most scientific investigations Ít 
is important to know not only whether 
a substance has a certain property 

eat, in this case), but also how much 
of it. Only by making careful measure- 
ments can you be sure that the ob- 
servations you will find in this sectio” 
will give you an opportunity to learn 
to measure accurately, or, in othe! 
words, to observe accurately. 

d. Experimenting, If you are wr 
able to obtain accurate information 
by the methods already mentione® 
you may need to find out for you 
by means of an experiment. ® An €% 
periment requires careful planning: 


Later in this section, you will see 
that doing an experiment usually re- 
quires a good deal of preparation even 
before the experiment is started. You 
will see that reading, consulting, and 
observing are needed even before you 
can state the problem. 

Probably the best way to learn how 
to do an experiment is to try to do 
one. You may wish to glance through 
those that are suggested (pages 418- 
22). Once you try to solve any one 
of these problems by experiment, you 
may discover many problems that can 
be solved only by experiment. 

Recording: In any kind of experi- 
ment vou do, it is not enough to trust 
your memory. You should always keep 
a record of your plans, your observa- 
tions, and your experiments. Do this 
regularly and carefully in a notebook. 

For example, it might be helpful to 
record the following things in an m- 
vestigation of “weather.” 


a M 
1. When you did it. l 
Date, Day (to check), and Time. 
2. Kind of day. 
Weather conditions observed. 
. Temperature. 
What you did or observed. 
. How you did it. 
Notes. (Reminders) 
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Planning. Much time can be saved 
by careful planning. As well as having 
a good understanding of the problem, 
solving the problem is the real pur- 
pose of doing the experiment. 


3. Investigations— 
On Your Own 


Now you can proceed to a series of 
investigations in one field—meteorol- 
ogy—the study of atmospheric condi- 
tions, or weather. These investigations 
are intended to help you learn how to 
investigate, on your own. They are de- 
veloped around one major concept: 
Heat energy is the kinetic energy of 
moving molecules. This concept is 
helpful in explaining the causes of dif- 
ferent kinds of weather. 


Investigation 1. How accurate are the 
weather predictions for your area? 


The word prediction is an impor- 
tant one in science. Once a scientific 
concept is thoroughly understood and 
observations have been made to test 
it thoroughly, predictions can be 
made. The more thorough the under- 
standing of the concept the more ac- 
curate the predictions. 

There might be two parts to your 
investigation. First, you might record 
the predictions from radio, television, 
and newspapers, and then test them 
by observing what really happens. 
Second, you might make a prediction 
yourself based on reading the weather 
maps. In order to do this, you need to 
be able to understand the kind of 
weather map that is published in 
many newspapers. 

One good way to do this is to select 
weather maps for five consecutive 
days. You will find a sample weather 
map on the following page. 
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Before you read the map be sure 
you know what each symbol on the 
map stands for. The important sym- 
bols are explained on the map. m 
(Where would you find out what the 
others mean? a dictionary? an en- 
cyclopedia? a science book?) 

How accurate are the results? 

Can you state them by giving the 
percentage of accuracy? 

How accurate are your predictions 
in comparison with other predictions? 

Were any of the predictions 100 
percent accurate? 

What do you think ace 


tne ounts for the 
results? 
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Investigation 2, Can weather be pre- 
dicted by observation of clouds? 


Study the chart of clouds on the 
facing page.@ You can learn how to 
identify clouds better as you become 
an experienced observer, Soon you 
will see combinations of different 
clouds and different cloud types. 

After you have learned to identify 
the clouds, try to predict the relation- 
ship between the different types of 
clouds and the weather. For instance, 
does a cumulonimbus cloud (thun- 
derhead) always produce rain? Be 
sure to keep careful notes. ja 
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DEPARTMENT OF. COMMERCE 


1016 1012 
gee E 
Father Point 4 


06, 


‘Saul Ste.Mare y 


TYPES OF CLOUDS @ 


1. cirrus 
“mare's-tails” 
over 30,000 feet 


2. cirrostratus 
(like a thin veil) 
causes a halo around 
moon 


3. cirrocumulus 
(like rippled sand) 
over 20,000 feet 


4. altostratus 
(like a thick veil) 
about 19,000 feet 


5. altocumulus 
(like a herd of sheep) 
over 12,000 feet 


6. cumulonimbus 
“thunderhead” 
lowest level about 
5,000 feet 


7. fractus or “scud” 
(broken clouds) 


8. cumulus 
dome shaped heaps 
4,000 feet and over 


9. nimbostratus 
heavy rain clouds 
to about 3,000 feet 


light rain clouds 
1,800 feet 


11. fog and haze 
near the ground 
“ceiling zero” 
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4. Selecting YourOwn _ 
Problem for Investigation 


Recall our basic concept: Heat 
energy is the kinetic energy of moving 
molecules. In other words, applica- 
tion of heat increases evaporation. On 
a hot day more water evaporates than 
on a cold day. This means that there 
is more water vapor to condense into 
clouds, perhaps. E 


Problem 1. Have you ever won- 
dered whether water evaporates faster 
from oceans than from fresh water? 
After all, oceans have salts (sodium 
chloride, potassium chloride, and oth- 
ers) dissolved in the water. 

Is there a problem, or problems, for 
investigation here? What is the prob- 
lem? How can you investigate it? (Be 
sure to control all the variables. ) 


Problem 2. Have you noticed that 
oceans do not seem to freeze as often 
as do lakes or ponds? W 


hat is the rea- 
son for this? Is it beca 


use the oceans 
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are large in size, or is it because ocean 
water contains a great quantity of salt 
and other minerals? 

Plan an investigation in which you 
control both of these variables. First 
design an experiment into the freez- 
ing of salt water as compared with the 
freezing of fresh water. 

Suppose, for instance, that you 
were to take 1,000 milliliters (about 
one quart of water) of lake water, OY 
tapwater, and were to add 40 grams of 
salt to it. 


NOTE: 1,000 milliliters = 1 liter 
1 liter = 1.1 quart l 
l ounce = 28.5 grams 


Would the salt water you have just 
mixed freeze? If it did, at what tem- 
perature would salt water freeze “ 
compared with other types of water! 
Suppose you added twice as much 
salt (80 grams) to a liter of water. At 
what temperature would it freeze 
then? Would it freeze sooner or not at 
all? You will need a good thermon” 
eter to find out, t 
Can you then design an experimen 
to test the effect that the size of a body 
of water has on its rate of freezing; 
What should your only variable a 
Now, on the basis of your investiga- 
tion, try to predict whether the ree 
formed in the Arctic Ocean is salty © 
not. How could you set up an investi- 
gation to confirm your prediction? 


Problem 3, Try to set up an invest 
gation to find the real cause of al 
oration. Perhaps you could obtain tW 


thermometers. Wrap the bulb of one 
thermometer in gauze that has been 
soaked in very warm water, and place 
it near the second thermometer which 
remains dry.@ Look at both ther- 
mometers about every 15 minutes for 
the next few hours. What is your 
hypothesis about the cause of evap- 
oration? How would you test it? 


Problem 4. Does the rate of evapo- 
ration remain the same at different 
temperatures? 

Suppose you were to put 500 milli- 
liters of tapwater, measured carefully, 
in a graduated cylinder and then set 
the graduated cylinder into a pan of 
water on a hot plate, as shown. A This 
is a kind of double boiler. The ther- 
mometer tells you the temperature of 
the water in the graduated cylinder. 
You could heat the pan to a certain 
temperature and, by turning the heat 
on and off, keep it at that level. 

Does water evaporate at about the 


every 10-degree 
instance, 


same amount for 
rise of temperature? For 
does 5 milliliters evaporate when the 
temperature rises from 40° Cto 50° G, 
and 5 milliliters evaporate again from 
50° C to 60° C?: 

note: If the w 
signs of boiling, 
heat to protect the cylinder. 

Are the results different for salt wa- 
ter and fresh water? At what tempera- 
ture does water begin to evaporate 
measurably? 

Can you predict what will happen 
before you do the investigation? 


ater in the pan shows 
remove it from the 


Problem 5. Water vapor in the at- 
mosphere must condense (kon-dens’) 
(change to a liquid) before it can fall 
as rain. Meteorologists can determine 
the point at which water condenses; 
this is called the dew point. 


Suppose you took a shiny can, taped 
a thermometer to the side, and filled it 
half way with water. Suppose you 
stirred and began to add ice cubes 
one by one to the water. At what tem- 
perature would you begin to see wa- 
ter condensing on the outside of the 
can? This would be the dew point. 

Does the temperature of surround- 
ing air have any effect on the dew 
point? What about the amount of 
moisture in the air? Would the dew 
point be the same on both wet and dry 
days? 

Predict—if you can—the conditions 
under which the dew point would oc- 
cur at a high temperature; and when 
it would occur at a lower temperature. 


Problem 6. On Page 58 you found 
ways to demonstrate that molecules 
eaker of water. 
tes, the mole- 


Nough to escape 
the air. 


orange? yellow? 
effect do the diff 
the rate of evaporation? 

CLUE: Colored bulbs or colored cel- 
lophane or plastic wil] allow mainly 


that wavelength of light ( color) to go 
through a glass. 


Problem 7. What kind of insulation 
best retards the movement of mole- 
cules? Design an experiment to an- 
swer this question. Naturally you wil] 
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use only those materials which are 
available to you. You may be able to 
obtain and to test some of the follow- 
ing: rock wool, aluminum foil, fiber 
glass, plastic foam, cotton, cork, wool. 


Problem 8. What is the effect of 
pressure on temperature, evaporation, 
and condensation? Obtain a large 
bottle (1-gallon size), pour a little 
water into the bottom, and then pump 
air into the bottle until the stopper 
flies off. (Be careful to keep your face 
away from the stopper. ) What causes 
the cloud to form? See if you can use 
this apparatus in designing an in- 
vestigation into the effect of pressure 
on temperature, condensation, and 
evaporation of water. 


Problem 9, Does ice evaporate even 
at cold temperatures? Can you de- 


sign an experiment to answer this 
question? 


Problem 10, Try to design an in- 
vestigation into how the sun causes 
the winds. You might use an infra-red 

eat lamp or a large light bulb and 
smoke from a smoldering rope to show 
the motion of air currents. The figure 
on the opposite Page may give you a 
clue. m i 

As you investigated each problem, 
did you find Yourself saying some- 
is: “If heat speeds up 
then the greater the 
at I apply, the greater 
rate of evaporation.” 


amount of he 
should be the 


Or, suppose you asked yourself: 
“Does the movement of air increase 
the evaporation of water?” You might 
have answered: “If I increase the 
movement of air over a pan of water, 
then it should increase the movement 
of water molecules.” 

Notice the IF—THEN type of sen- 
tence. This kind of statement is one 
way in which you make a kind of pre- 
diction. If a first condition is true, 
then the other condition, which de- 
pends on the first, may also be true. 
This kind of statement is called a hy- 
pothesis, or working idea. 

Before you design an investigation, 
or an observation, or an experiment, 
it is useful to state a hypothesis. 

Here is a hypothesis about your 
work in science: If you investigate on 
your own whenever you can, then you 
will learn more about the ways of the 
scientist. How could you investigate 
the truth of that statement? 

Of course, “on your own” does not 
mean completely without the help of 
others. Your parents and teachers may 
help you. So will books. You will en- 


counter many problems that need in- 
vestigation. Your work in school will 
also help you to learn the ways of the 
scientist. As you look about this 
world, you will find yourself asking 
why, or how, or when things happen. 
You will find, in short, enough prob- 
lems to investigate. Look around you 
—and use the knowledge that is avail- 
able from observation, in books, and 
from other people. 
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KEY CONCEPT WORDS: 
A BEGINNING VOCABULARY 
FOR SCIENCE 


To record what they have learned from their inve 
use words that have the same meaning to every 
entists try to use words accurately. You are 
key concept words of science during this year 
use them properly. The first time a word is use 
scientific communication, it is in boldface type in y 
cabulary of key concept words, a page reference 
more information or examples of the meaning tha 
words, the definition given may need filli 
terms you use will take on a fuller me 
know from earlier work in science do not 


stigations, scientists 
other scientist; that is, sci- 
building up a vocabulary of 
. You will, of course, want to 
d with a special meaning for 
our textbook. In this vo- 
is given in case you need 
n are given here. In other 
ng out. As you study science, the 
aning. A few terms you probably 


have a page reference; you should 
already know how to use these words in 


gives other page references, 


their correct meaning. The index 


PRONUNCIATION KEY 


SYMBOL KEY WORDS 


action, a force applied in one direction that 
is equal to the action of a force 
tion) in the opposite direction, 218 
adapted, fitted by structure to carry on life 
activities within a given environment 
alloy (al’oi), a combination of two or more 
elements, at least one of them a metal, 
which, when melted and cooled, has 
properties different from the original ele- 
ments, 79 f pa 
alpha particle, a certain type of positively 
charged particle given off by certain ra- 


(reac- 
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SYMBOL KEY WORDS 


SYMBOL KEY WORDS 

a add, map o odd, hot u up, done 

ā ace, rate ō open, so y yet, yearn 

a palm, father ô order, jaw zh vision, pleasure 

e end, pet oi oil, boy a an unstressed vowel 

é even, tree 60 pool, food as in the words above, 
i it, give 00 took, full sicken, clarity, 

i ice, write th thin, both i i 


melon, focus 


A = jum 
dioactive atoms; the nucleus of a heliu 
atom, 287 


antenna (an-te 
ting and 
waves, 271 

antibiotic (an'ti-bi-ot'ik), a substance, ge” 
erally produced by a fungus plant, 
which, when introduced into the body. 
controls many bacterial infections, 121 , 

antibody (an'ti-bod’é), a substance mace 


by body cells that acts against germs 1™ 
the body, 196 


r e" it- 
nə), a device for WODI ie 
receiving  electromagne 


antiseptic (an’ti-sep’tik), one kind of sub- 
stance that stops growth of bacteria out- 
side the body, 111 

armature (dr’ma-chdor), a piece of metal 
or a coil of wire that moves through a 
magnetic field, thus causing a flow of 
electric current, 253 

associated, related, as two stimuli given at 
the same time, 16 

atom, a building block of elements; atoms 
combine to form molecules, 54 

atomic number, a number assigned to iden- 
tify an element; it is equal to the num- 
ber of protons in the nucleus of the 
atom, and is an index of the properties 
of the atom, 296 i f 

atomic pile, a device in which atomic nu- 
clei are made to undergo fission, 302 

atomic weight, the sum of the protons and 
neutrons in an atom, 

a type of be- 


automatic (ô'təmat'ik) act, 2 
havior that does not require thought, 2 
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bacilli (bo-sil’i), rod-shaped bacteria, 102 

bacteria (bak-tir’é-2), bacterium § (singu- 
lar), the smallest single-celled plants 
without chlorophyll, 100 E ; 

behavior, the ways in which a living mmg 
responds to the environment, 4; also, ie 
ways a substance reacts to a change o 
any kind, 76 

blend, a trait in an orga 
characteristics from 
show neither dominance no 


ness, 342 ' a 
block and tackle, a machine consisting of 


pulleys fixed in two frames ie a zont 
or chain between them and a free en 


for applying a force, 166 


nism for which the 


the parent genes 
r recessive- 


in a gasoline en- 


5 = 
arburetor (kar’ba-ra tar), s 
pe 2 h gasoline vapor 


gine, a chamber in whic 
is mixed with air, 208 
caterpillar, see larva , 
cell, the smallest living unit © 
and function in an organism P 
cell membrane, the outer baunan s 
living animal cell; the boundary of àa 


ing plant cell, 104 ; 
cellulose (sel’ya-ls), the substance int 
makes up the walls of plant cet's, 


f structure 


cell wall, the outer nonliving boundary of 
a plant cell, consisting of cellulose, 104 

chain reaction, a process in which neutrons 
from the fission of one atomic nucleus 
cause fission of other nuclei, 302 

chemical change, any change in matter 
that results in a change in the chemical 
properties of its molecules, 210 

chemical reaction, a change in a substance 
or substances, resulting in other sub- 
stances with different properties; also, 
any recombination of atoms in a mole- 
cule, 368 

chlorophyll (klôr'ə-fil), a green substance 
in green plant cells that is basic to pho- 
tosynthesis, 104 

chromosome (krō'mə-sõm), a structure, in- 
side a cell nucleus, containing a sub- 
stance that is basic to determining the 
hereditary characteristics of each organ- 
ism, 328. See also DNA molecule. 

cilia (sil’é.a), hairlike extensions of cov- 
ering cells lining the tubes to the lungs, 
111; also, hairlike structures on single- 
celled animals by which they move about 

circuit (str’kit), a complete path through 
which electricity travels, 244 

classify, to group objects and events by 
their likenesses, 146 

cocci (kok’si), bacteria that are spherical 
in shape, 102 

cocoon, the silky covering made by a larva, 
from which an adult moth emerges, 85 

colony (kol’s-né), a visible group of bac- 
teria originating from division of a single 
bacterium, 101 

comet (kom’it), a body in space that trav- 
els around the sun in a long narrow or- 
bit; its head is apparently composed of 
many particles, and its so-called tail, of 
dust and other particles of matter that 
are most visible as it nears the sun, 394 

compound, a substance consisting of two 
or more kinds of atoms chemically com- 
bined, 49 

compound machine, a machine consisting 
of two or more kinds of simple machines, 
177 

compressor (kam-pres’ar), a device in a jet 
engine that squeezes an amount of air 
into a smaller volume, 218 
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conditioning (kon-dish’on-ing) a change 
in behavior resulting from substitution 
of one stimulus for another to achieve 
the same response, 18 
conductor (kon-duk’tar), any substance 
through which an electric current can 
flow; also any substance through which 
heat can be transferred, 235 
connecting nerve cell, a nerve cell (neu- 
ron) that transmits an impulse between 
one nerve cell and another, 14 
control, that part of an experiment that in- 
cludes all conditions (variables) except 
the condition (variable) being investi- 
gated, 11, 119 
control rod, a device, in a reactor, which 
adjusts the rate of fission, 303 
corrosion (ka-rd’zhan), the chemical com- 
bination of oxygen and a metal exposed 
to air and moisture, 80 
covering cells, the outer cells of a many- 


celled organism or of organs inside the 
organism, 110 


cross, see cross-pollinate 

cross-pollinate (krés’pol’a-nat), to transfer 
pollen from the stamen of one flower to 
the pistil of another, 337 

culture, a colony of bacteria grown under 
controlled conditions, 100 

current, or current electricity, a flow of 
electrons through a conductor, 235 

cyclotron (si’kla-tron), a machine that ac- 
celerates (increases the speed of) 
charged nuclear particles, controls their 
direction, and is used to study the struc- 
ture of atoms, 298 

cylinder (sil’in-dar), a hollow tube in 
which a piston moves, 208 


diffusion (di.fyoo’zhan), the spreading of 
one substance through another, with or 
without passage through a membrane 

digest (di-jest’), to break down a complex 
food substance into less complex sub- 
stances so that the substance can pass 
through a cell membrane, 107 

DNA molecule, a large protein molecule 
within a chromosome; it is basic in de- 
termining the hereditary characteristics 
of an organism, 334. See also chromo. 
some, gene. 
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dominant (dom’s-nant), a trait that always 
appears in the offspring if it is carried by 
a gene, or genes, in the cells, 333 

Doppler effect, change in pitch and fre- 
quency of a wave (sound or light) as an 
object moves nearer or farther from the 
observer, 393 


effort, a force applied to a machine, 161 

egg cell, a specialized cell in a plant or 
animal which when united with a sperm 
cell can develop into a new organism; 
the female cell in reproduction, 330 

electric impulse, a single, usually sudden, 
flow of electricity, 261 

electricity, a flow of electrons 

electromagnet (i-lck’tré.mag’nit), a mag- 
net made of a coil of wire wound around 
an iron core in which the magnetic field 
is produced by electric current flowing 
through the coil, 244 

electromagnetic wave, a form of energy 
that travels through space as a wave at 
the uniform speed of light, 270; light is 
one kind of electromagnetic wave (speed 
is about 186,000 miles per second ) 

electron (ilek’tron), tiny negatively 
charged particle revolving around the 
nucleus of an atom, 232 

electron microscope, a microscope that 
uses a beam of electrons instead of light 


element, a substance consisting of only one 
kind of atom, 49 


embryo (em’bré.6) 
a seed (befor 
(before hatchi 
birth), 330 


energy, the ability to do work; the ability 
to set matter in motion 

environment (in-vi'ron-mant), all the sur- 
roundings of an organism, including all 
matter and all forms of life with which 
an organism is interdependent 

enzyme (en'zim), one of a group of sub- 
stances made by cells; these substances 
help to break down or build up com- 
pounds in the body without generally 
being changed 


in the reaction of which 
they are a part, 107 


evaporate (i-vap’s.rat Ja 
solid or a liquid to 


, the living organism in 
€ germination), in an egg 
ng), in a mammal (before 


to change from a 
a gas 


experience, knowledge and skills acquired 
from observation, investigation, and 
thought 

experiment, an investigation carried out in 
a laboratory under carefully planned 
conditions in which known variables are 
carefully controlled, 118 


filtration (fil-tra’shon), a method of puri- 
fying water by passing it through mate- 
rials that hold back bacteria, other mi- 
croorganisms, and undissolved sub- 

stances, 132 
the splitting of the nu- 


fission (fish’on ), he 
cleus of an atom, 294; also, the division of 


a cell in reproduction 
fixed pulley, a simple machine consisting 
of a single grooved wheel attached to a 
support. A rope passed around the wheel 
changes the direction of the force, 158 
fluid, any substance that flows, as a gas or 
liquid, 214 
force, a push or pu 
155 
frequency ( 
wavelengths pass 
second, 393 
friction, a force, 
that resists the mo 
across the other, 180 
fuel (fydo’al), any subst 
and thus release energ 
stance that can undergo 
and release energy 
fulcrum (fool’kram), 
which a lever can turn, 1 6 
fungi (fun’ji), fungus (fung’ges ) (singu- 
lar), a group of plants without chloro- 
phyll that obtain food from other living 
things, or from organic (that is, plant 
or animal) matter, 104 E 
fusion (fyoo’zhon), the combining _of 
atomic nuclei of one element, resulting 
in the nucleus of another, 316 


Il exerted on an object, 


fre’kwon-sé ), the rate at which 
a fixed point in one 


where two surfaces meet, 
tion of one surface 


ance that can burn 
y, 206; also, a sub- 
fission or fusion 


the support around 


galaxy (gal’ak-sé), a large group, Or sys- 
tem, of stars which is rotating around a 
center, 381 
galvanometer 
ment for mea 
electric current, 939 


( gal’va-nom’s-tar ), an instru- 
suring a small amount of 


gears, a simple machine consisting of 
toothed wheels which are meshed so that 
one wheel can turn another, 176 

gene (jén), a part within the DNA mole- 
cule that is basic to the development of 
a definable characteristic, 328 

germ, any microorganism that can cause 
infection or disease 

goal-insight theory, a theory that helps to 
explain learning of complex habits, 26 

graft, to join the stem of one plant to the 
root or stem of a related plant in order 
to obtain more plants having a desired 
characteristic, 348 

gram, the basic unit of weight in the metric 
system, 169 

gravitation (grav’s-ta’shon), a force that 
attracts all objects (masses) in the uni- 
verse to one other; each mass tends to 
pull every other mass toward itself 

gravity (grav'ətē), commonly refers to 
the attraction of a very large body on a 
small body, as the attraction of the earth 
or the moon for an object on its surface 


habit, a learned automatic act, 21 

habitat (hab’s-tat), the environment to 
which an organism is adapted, 38 

heat (or heat energy), the energy of mov- 
ing molecules which, when transferred 
to or removed from an object, changes 
its temperature, 57 

heredity (ha-red’a-té), the sum of all the 
traits inherited by an organism, 326 

humus (hy60’mas), decaying plant or ani- 
mal matter making up a part of the soil, 
102 

hybrid (hi/brid), an organism that results 
from the mating of two organisms, each 
pure for a different given trait, 344 

hypothesis (hi-poth’a-sis), a possible ex- 
planation of an object or event which 
can form the basis for planning the de- 
sign of an investigation, 119 


immune, having conditions within the body 
unfavorable to disease-causing viruses 
bacteria, or other microorganisms, 126; 
when these conditions exist, the body 
has immunity i 
inborn act, see reflex act 
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inclined (in-klind’) plane, a machine con- 
sisting of a sloping surface placed at an 
angle with a flat surface, 154 7 
infection, attack by disease-causing micro- 
organisms, 108; such microorganisms are 
said to be infectious, 110 f age 
insight, in learning, an understanding of the 
means of achieving a goal, 26 ; 
instinct, a type of behavior consisting of a 
series of complex reflex acts, 6 
insulator (in’sə-lā'tər), a substance through 
which heat does not travel readily, 62; 
also, one that stops the flow of electrons 
interdependent, dependent upon one an- 
other and interacting with the environ- 
ment, 39 
invertebrate (in-vůr'tə-brit), an 
without a backbone, 146 
isotope (i’so-tép), an atom with the same 
atomic number as another atom but with 
a different atomic weight, 302 


animal 


kinetic (ki-net'ik) energy, energy of matter 
in motion, 63 


larva (lär'və), larvae (lar’vé) (plural), the 


young form of a moth that has hatched 
from the egg, 85 


learned act, a type of behav 
after birth, 16 

lever (lev’ar), a simple machine consisting 
of a bar with a support (fulcrum) around 
which it can be turned, 156 

lift, an upward force produced by differ- 
ence in air pressure on the upper and 
under surfaces of the wing of an air- 
plane, 212 

light-year, a unit of measurement in as- 
tronomy equal to the distance light trav- 
els in one year, 385 

lines of force, the pattern of the magnetic 
field describing the amount and direc- 
tion of forces around a magnet or 
ductor of electricity, 243 

load, the weight to be lifted by a machine, 
161 


ior acquired 


a con- 


magnetic field, area in which magnetic 
lines of force can be noted around a 
magnet or a wire carrying electric cur- 
rent, 243 
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mass, the amount of matter in an object, 
322 l 

matter, all substances on the earth or in 
space, or any part of them; anything that 
has weight and takes up space 

meteorite (mé’té.o-rit’), a bit of matter that 
has fallen to the earth from space 

metric system, a system of measurement in 
which each unit is multiplied by 10 
to obtain the next larger unit, or divided 
by 10 to obtain the next smaller unit, 
169 

microorganism (mi’kr.6r'gon.iz'am), an 
organism generally too small to be visible 
without a microscope, 100 

microphone (mi‘kro-fon), a device that 
changes sound waves into electric im- 
pulses 

microscope (mikro.skép), an instrument 
that enlarges the image of an object, so 
that it becomes visible 

mineral (min’aral), a compound in the 
soil or dissolved in water in the soil that 
aids the growth of plants, 102 

mold, a fungus that grows on plant or ani- 
mal matter, 104 

molecule (mol’a-kyool), the smallest part 
of a substance that has the properties of 
the substance, 54, 197 

motor nerve cell, a nerve cell (neuron) 
that carries a response to a muscle, 14 

movable pulley, a pulley free to move: a 
system with a movable pulley multiplies 

the force applied to it, 167 

mucus (my60’kas), a substance produced 
by cells lining the inside surface of the 
body and keeping them moist, 110 

mutant (myoo’tant), an organism different 
from its parents in one or more new 
traits that can be inherited, 347 

mutant gene, a gene that has changed, re- 
sulting in a change in inheritance, 347 

maratan (my66-ta’shan), a new character- 
istic that can be inherited as a result of 
a change in the genes, 350 


nerve, a bundle of 
nerve cell, 12: see 
nerve ending, 

whe 


14 


nerve fibers, 12 
neuron 


the part of a nerve fiber 


re a nerve impulse begins or ends, 


nerve fiber, the generally long threadlike 
part of a nerve cell, 9 

nerve impulse, a “message” (perhaps elec- 
trical or chemical) that travels along a 
nerve fiber, 9 

nervous system, the total of all the path- 
ways along which nerve impulses may 
travel in an organism, 12 

neuron (noor’on), a cell which can carry 
a nerve impulse, 15 

neutron (néo’tron ), a particle in the nu- 
cleus of an atom, having no electrical 
charge, 288 

nova (növə). a star that explodes and in- 
creases greatly in brightness, 387 

nuclear reaction (noo’klé-or réak’shon), a 
change in an atom or atoms as a result 
of fission or fusion; new atoms with dif- 
ferent properties may be formed, 368 

nucleus (n60'klé-as ), the central part of an 
atom, 232: also, of a living cell 

nylon (nilon), a man-made fiber having 
many of the properties of silk, 88 


orbit (òr'bit). the path of one body of mat- 
ter around another, as a satellite around 
the earth or the earth around the sun 

ore, a mineral or rock that is the source of 
a metal , 

organ, a group of tissues that carries on a 
specialized function in an organism 

organism, any living thing that carries on 
life functions 

ovary (6’vo-ré), 
organ in whic 

oxide (ok’sid), a compounc 


another element 


in a flowering plant, the 
h the seed is formed, 330 
1 of oxygen and 


penicillin (pen’a-sil'in), an antibiotic pro- 
duced by the mold Penicillium, 120 i 

physical change, any change in matter that 
does not change its chemical composi- 
tion, 210 

pistil (pis’til), the part of a flower that 
contains the ovary at its base, 330 


piston, a device fitting snugly inside a ue 
moved by steam or gases, and connecte 
to a machine to do work, 200 : 

pitch, (sound) highness or lowness ne 
note on a scale; (light) placement m ie 
spectrum according to frequency, 39) 


plastic (plas’tik), a man-made substance 
that can be molded, shaped, or cast, 82 

polio (p6’lé.G), a virus-caused disease that 
damages nerve cells, 124 

polled (pdld), hornless, a result of a mu- 
tant gene in cattle, 355 

pollen (pol’en), powdery grain on the 
stamen of a flower; contains the sperm 
cell, 330 

pollinate (pol’s-nat), to transfer pollen 
from stamen to pistil of a flower, 330 

potential (po-ten’chal) energy, energy 
that is stored in an object by its posi- 
tion or chemical composition, 204 

pressure, force exerted on the surface of 
an object from without or from within 

prism (priz'əm), a device, such as a trian- 
gular piece of glass, that separates light 
into its different wavelengths, visible as 
a spectrum, 372 

property, any characteristic that is gener- 
ally true for a substance and for which 
the substance can be tested, as color, 
hardness, dullness 

proton (pré’ton), in the nucleus of an 
atom, a particle having a positive charge, 
288 

pulley, a grooved wheel around which a 
rope may be placed, 158; see also block 
and tackle, fixed pulley, movable pulley 

pupa (pyoo’pa), the stage between larva 
and adult in the life of a moth, 85 

pure, in heredity, having a gene for a given 
trait from each parent, 332 


quarantine (kwor’on-tén), the keeping of 
a person having a serious contagious dis- 
ease away from others who might con- 
tract it, 140 


radioactive (ra‘dé.d.ak’tiv), describes an 
element whose nucleus gives off parti- 
cles and radiations, 287 

radio transmitter, a device that changes 
electric energy into electromagnetic 
waves and sends them through space 

rayon (ra’on), a fiber made from cellulose, 
87 

reaction (ré.ak’shan), a force exerted in 
a direction opposite that of another force 
(action), 218; see also chemical reaction 
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reactor (ré-ak’tar), a device in which nu- 
clear fission is controlled, 303 

receiver, (telephone) a device for gather- 
ing electric impulses and changing them 
into sound waves, 261; (radio and tele- 
vision) a device for gathering electro- 
magnetic waves from space 

recessive (rises’iv), a gene carried by the 
cells but whose effect does not appear as 
a trait in the organism, 333 

reflex act, an act that is inborn, unlearned, 
automatic, 4 

reflex arc, the nerve pathway followed by 
a nerve impulse from stimulus through 
connecting neurons in the spinal cord to 
response in a muscle or gland, 14 

reservoir (rez'ər-vwôr), a lake, usually ar- 
tificial, in which a city’s water supply is 
collected and stored, 131 

response, the reaction of an organism (or 
any part of it) to a change in the envi- 
ronment, 8 

reward, something favorable obtained by 
an organism when it makes a useful or 
correct response to a stimulus, 16 


sampling, a method of estimating the total 
amount by finding the average of small 
parts (samples) of the amount, 383 

screw, a simple machine that multiplies 
effort. It consists of an inclined plane 
wound around a central post, 172 

secrete (si-krét’), to produce within a cell 


a substance that is used outside the cell, 
110 


sensory nerve cell, a nerve cell ( 
that reacts to a stimulus and 
nerve impulse to the s 
brain, 14 

serum (sir’om), the liquid part of the blood 
that remains after clotting, 127 

simple machine, a single device for multi- 
plying force or for changing its direction, 


as a lever, a pulley, an inclined plane, or 
a wheel and axle, 154 


solution (sə-lðo'shən), a mixture of two 
substances, one of which is dissolved in 
the other, 51 
sound wave, a form of mechanical energy 
in which particles of matter move back 
and forth in a characteristic pattern, 262 


neuron) 
sends a 
pinal cord and 
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spark plug, a device to ignite a fuel in an 
enclosed chamber in an engine, 208 

spectroscope (spek'trə-skōp), a device used 
to analyze light from a glowing object to 
determine its composition, 372 

spectrum (spek’tram), a band showing the 
separation of light, or electromagnetic, 
waves into their wavelengths, 372 

sperm cell, a specialized cell in a plant or 
animal that, when united with an egg 
cell, can develop into a new organism; 
the male cell in reproduction, 330 

spirilla (spi-ril'ls), spirillum ( spiril’»m) 
(singular), bacteria having a corkscrew or, 
rarely, a comma shape, 102 

spore, a specialized cell of fungi and many 
nonflowering plants that can reproduce 
a new organism, 105 

S-R bond, in behavior of organisms, the 
manner in which a stimulus is thought 
to be linked to a response, 18 

stamen (sta’mon), the part of a flower that 
produces pollen, 330 

state (of matter), any of the forms of mat- 
ter; as, solid, liquid, gas 

static electricity, an electrical charge (ex- 
cess of electrons) on a substance, usu- 
ally given it by friction, 234 

stimulus (stim’yə-ləs), a condition in the 
environment that causes an organism to 
react, 8 

streptomycin (strep'té.misin), an antibi- 
otic produced by a mold, effective in 
treating tuberculosis, 12] 

subatomic Particle, any particle of which 
an atom is composed, 315 

Supernova ( S00'par-nd’va ys 


s iall 
bright nova, 388 P ERESI 


technolo ( 


applying di 


, 
tem’para.char), measure- 


average kj ess or coldness; that is, the 
ina = netic energy of the molecules 
stance, measured in degrees 


tentacle (ten’to-kal), in hydra and jelly- 
fish, an armlike structure that aids the 
organism in catching food, 8 

theory (thé’or-é), a reasonable explanation 
that satisfies a set of observations, data, 
or investigations, 18 

threads, ridges around a screw that form 
a winding inclined plane, 173 

tissue (tish’Oo), a group of similar cells 
that do one kind of work 

transmitter (trans-mit/or), a device for 
changing a form of energy into electric 
impulses and sending them along a wire, 
261; or into electromagnetic waves and 
sending them out through space, 271 

turbine “(tar’bin), a wheel which has 
blades that are moved by steam or other 
means and which is connected to an- 
other machine to do work, 201 


unlearned act; sce reflex act 


vaccinate (vak’sin-at), introduction of liv- 
ing or dead bacteria or viruses into the 
body to cause the body cells to produce 
antibodies, 126 . 

vaccine (vak’sén), a substance containing 
living or dead bacteria or viruses intro- 
duced into the blood to develop immu- 
nity to a disease, 127 


vertebra (vur'to-bra), one of the small 
bones in the backbone through which 
the spinal cord passes, 146 j 

vertebrate (vùr'tə-brit), an animal with a 
backbone, 146 

virus (vřrəs), a particle smaller than a 
bacterium (and not cell-like) that can re- 
produce itself inside a living cell and 
cause disease, 124 

volume (vol’yoom), measurement of the 
space occupied by a substance, 61 


watershed, all the area from which water 
flows into and is collected by a lake, a 
river, or a reservoir, 133 

wedge, a simple machine, consisting of an 
inclined plane that can be forced into or 
between objects to spread them apart, 
174 

weight, a measure of the pull of gravita- 
tion on an object 

wheel and axle, a simple machine consist- 
ing of a wheel attached to a rod passing 
through its center, to which a force may 
be applied, 158 i 

white blood cells, special cells in the blood 
that can engulf and destroy bacteria in 
the body, 113 

work, the result achieved when a force 
moves an object through a distance, 183 
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(Page numbers in boldface refer to illustrations. ) 


accelerator, nuclear, 298, 299 
acid, 112 
acquired immunity, 127 g 
action, and reaction, 218, 220, 225 
adaptation, 38, 38, 39, 39 
air, molecules of, 197, 198 
air pressure, 212, 213, 213, 214, 214 
aircraft carrier, nuclear, 310, 311 
airplane, 212, 214, 214, 215, 215, 216, 216 
alchemist, medieval, 92, 92 
Algol, 374, 374 
alloys, 79, 80, 84, 93 
Alpha Centauri, 385 
alpha particles, 287, 287, 297, 297, 298 
aluminum, 48, 48, 49, 52, 53, 53, 55, 93; 
uses of, 52-53 
aluminum oxide, 49, 52, 53, 55 
Antares, 373, 378 
antenna: for radio, 271, 271, 272; for satel- 
lites and waves from space, 277, 277; for 
television, 274, 274 
antibiotics, 121, 121, 126, 141 
antibodies, 126, 127, 127, 128, 141 
antiseptics, 111, 114, 141; effect on bacteria, 
115, 115 
Apollo spacecraft, 221, 222, 299 
applied science, 55; see also technology 
Archimedes, 188 
armature, 253, 254, 255 
association, 16, 16, 17, 17, 19, 19 
astronaut, 94, 218, 221, 222, 268, 268, 272 
atom(s), 54, 76, 82, 94, 232, 286, 286, 288, 
288, 314; of carbon, 232, 232, 289, 289; of 
chlorine, 290, 290, 320, 320; of helium, 
290, 290, 368, 388; of iron, 289, 289; of 
lithium, 288, 288, 290, 290; made of par- 
ticles, 287, 287, 288, 315-16: models of, 
287, 287, 288, 289, 289, 293, 293; new, 
made by bombardment of nuclei, 388, 
390; of nitrogen, 289, 289; nucleus of, 
see nucleus of atom; of oxygen, 289, 289; 
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of sodium, 320, 320; structure of, 290, 
290, 291 (table), 292 

“atomic gun,” 297, 298, 298, 388, 390 

atomic number, 296, 296 

atomic pile, 302, 305, 310, 390: see also 
nuclear reactor 

atomic weight, 292. changes of, in fusion, 
369 

attraction, resulting from opposite charges, 
232, 233, 233, 234, 934 

automatic act, 21; see also habits 

automobile engine, 208. 208, 209, 209 


bacilli, 102, 102 


bacteria, 100, 100, 104, 108, 110, 126, 129 
(table), 141; colonies of, 100, 101, 101, 
117; cultures of, 101, 101; decay, 102, 108; 
defenses against, 110, 111, 113, 113-14, 
114, 118-22, 126; division in, 108, 108; 
effect of antiseptics on, 115, 115: effect of 
hydrochloric acid on, 112, 112; food of, 
108; infectious, 108, 110; kinds of, 100, 
102, 102, 113, 113; as living cells, 104; 
pathogenic, 137; removed from drinking 
water, 131, 132, 132, 133, 134, 134, 135, 
136; in soil, and nitrogen, 108: useful, 
102; see also viruses ' 

bacteriologist, 117 

balloon, 212, 216, 216 

balloon “machine,” 196, 196, 197, 198. 198 

barn swallow, nest of, 4, 4 i l l 

Barnard’s Star, 394, 394, 395 

bauxite, 49, 52 

behavior, 4: see also habits, learning, reflex 
acts 

Bell, Alexander Graham 261 

Benedict's solution, 106 7 

Bernoulli’s Principle, 214, 215, 219 

78, 78, 80 

and axle, 158, 158, 175 


Bessemer converter, 
bicycle whee] 
biologist, 94 


birds, 146 

Black Death, 139 

blast furnace, 76, 77, 77 

blending traits, 342, 342-46, 344 

blinking, as inborn act, 4, 5, 5 

block and tackle, 166, 168, 168, 170, 170, 
187, 187, 189; use of, 169, 169 

blood cells, white, 113, 113, 114, 114, 126 

Bohr, Niels, 287, 316 

bomb, nuclear 312, 368, 369 

boron, atomic nucleus of, 297 

Boulder Dam, 246 

bowline, how to tie, 25 

Boyle's Law, 392 

brain, 12, 12, 39, 41, 53, 151 

Braun, Wernher von, 55 

bread mold, 104, 105, 105 

breeding, see prize genes 

bronze, 76, 80 

brush, in electric motor, 253, 254, 255 

bud of potato, 326, 327, 327, 328, 328 

bull, Santa Gertrudis, 357, 357 

Burbank, Luther, 346 

cadmium control rods, 303, 304, 304, 305, 
309 

camera, 274, 274 

cancer, radioactive subst 
of, 312, 312-13 

candle, burning, 206, 206, 207, 207, 208 

carbon, 75, 77, 78, 206, 208; atom of, 232, 
232, 289, 289; atomic number of, 296, 296 

carbon dioxide, 75, 76, 77, 206, 210; form- 

ula for, 206, 208, 322; from burning fuel, 

used by plants, 


ances in treatment 


206: molecule of, 3225 
150 
carburetor, 208 
cast iron, 78 
caterpillar, 85, 85 
cattle, hybrid, 344, 345, 350, 350 
cell(s): blood, white, 113, 113, 114, 114, 
126: cilia of, 111, 111; covering, 110; 
0; nerve, see 
328, 328; se- 
llen grain, 


egg, in flowering plant, 33 
nerve cell; of potato bud, 
cretion by, 110; sperm. in po 
330 

cell membrane, 104, 107 


cell wall, 104, 107 

cellulose, 88, 88, 89 

Celsius scale, 67, 67 

Chain, Ernst, 121 

chain reaction, 302, 303, 303; control of, 
303-04, 304, 305, 310, 312 

charcoal, 75 

chemical change, 210 

chemical energy, changed to heat energy, 
60 

chemical reaction, 368, 368; in green plants, 
150; matter neither gained nor lost in, 
190, 322, 323 

chemistry, 82, 87, 90, 92 

chimpanzee, and learning process, 26-27, 
27, 28 

chlorination of water, 132, 132 

chlorine, 132, 133, 136; atom of, 290, 290, 
320, 320 

chlorophyll, 104, 329 

cholera, 131, 139 

chromosomes, 328, 330, 333, 360; DNA code 
in, 333, 334, 334, 359, 360, 405 

cilia, 111, 111 

circuit, electric, see electric circuit 

classifying animals and plants, 146, 148, 148 

cloud chamber, Wilson, 315, 315 

coal, 206, 279, 370 

cobalt, radioactive, 313 

cocci, 102, 102, 113, 113 

cocoon, 85, 85, 86 

code messages, 257, 260, 260, 261 

coke, 77 

colonies of bacteria, 100, 101, 101, 117 

color television, 275 

comets, 394 

compass, 268, 269 

compound machine, 177-78 

compounds, 49, 82, 321; obtaining metals 
from, 72, 72 

compressor, of jet engine, 218, 219 

concepts: formulated by scientists, 53, 54, 
55. 56, 64, 90, 93, 94, 148, 151; uses of, 
57-65, 58, 59, 60, 61, 62, 63, 64, 65, 90 

conditioning, 18, 22; theory of, 30 

conductor of electricity, 235 

connecting nerve cell, 14, 15 
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contact point, in electric bell, 252, 253 
contagious disease, 136, 140 
control, 11, 119, 141, 326, 327, 327, 328 
control rods, in reactor, 303, 304, 304, 305, 
309 
copper, 49, 51, 52, 73, 80; discovery of, 70, 
71, 73, 74; separated from its ore, 72, 
72, 73, 74, 75, 76 
copper carbonate, 72, 74, 76 
copper ore, 70, 71, 72, 73, 74, 76 
copper oxide, 70, 72, 74, 75, 76 
copper sulfate, 49, 50, 51, 52 
corn, hybrid, 344, 344, 345 
corrosion, 79, 80; of tin can, 81, 81; see also 
rust 
cotton, 86, 87, 93 
cotton gin, 86 
covering cells, 110 
Crab Nebula, 390, 390 
crane, hand-operated, 176, 177 
cross-pollination, 336, 336, 337, 337, 340, 
340; investigation into, 338, 338, 339, 339 
cryogenics, 66 
cryolite, 52 
cultures of bacteria, 100, 101, 101 
cuprite, 71 
Curie, Marie, 286, 297, 312, 315 
Curie, Pierre, 286, 312 
current electricity, 235-36, 237, 237, 268, 
270; as flow of electrons, 236, 240, 243; 
generating, see generator(s); investiga- 
tions into, 237, 237, 239, 239, 241, 241, 
269, 269; for telegraph, 258, 258 
cyclotron, 298, 298, 299, 390 
cylinders, in automobile engine, 208, 208, 
209, 209 


Dalton, John, 49, 54, 286, 314-15 

Da Vinci, Leonardo, 216 

“dawn horse,” 352, 352 

decay bacteria, 102, 108 

Democritus, 286, 314 

diastase, 106, 106, 107, 129 

digestion: defined, 107 

digestive juices, hydrochloric acid in, 112 
dinosaurs, 353, 361 

diphtheria, 125, 136, 140 
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diseases under control, 129 (table) 

distance, and work done, 184, 186-87, 198, 
198 

DNA code, 324, 333, 334, 344, 359, 360: 
changing, 346-48, 350, 352-53, 355, 405 

DNA molecule, 328, 336, 359, 360 

dominant trait, 333, 340, 343 

door bell, see electric bell 

doorknob, as wheel and axle, 175, 175 

Doppler effect, 393, 394, 394, 404 

dry cell, 50, 50, 51, 269 


Echo I, 275 

Edison, Thomas, 55 

efficiency in machine, 202 

effort, in simple machines, 161, 161, 163, 
170 

egg cell, in flowering plant, 330 

Einstein, Albert, 323 

electric bell, 248, 248, 249, 249, 250, 251, 
252; explanation of, 252-53; model of, 
250, 251 


electric circuit, 244, 245, 245, 248; broken, 
252, 253 


electric current, in copper plating, 51, 51, 
52, 53; . 59° 


3 in obtaining aluminum, 52, 53; 

see also current electricity 

electric energy, 189, 189, 236, 252, 279: 
from nuclear power plant, 308, 309: sce 
also electricity 

electric impulse: in radio transmission, 271; 
in telephone, 262, 264, 264, 966, 270, 
271; in television, 274 i ' 

electric motor, 24 


8, 249, 249. : 
of, 253; model 249; explanation 


of, 253, 254, 255, 255 


is, of water, 366, 366, 367 

e ectromagnet, 244, 244, 245, 245, 246, 246; 
ys in, 244, 245. in electric bell, 249, 

si dig os 51, 252, 252, 253; in electric 

aoa ae 254, 255; in telephone, 263, 

ore magneto waves, 270, 270, 271, 271, 
A 5 276, ; from outer space, 


—— 


electron microscope, 124, 129 fixed 5 
estron DORE OEM = xed pulley, 158, 159, 159, 166, 166 
electrons, 232, 235, 288, 289, 289, 290, 290, Fleming, Alexander, 106, 117-21, 119, 120 


291 (table), 292, 322; flow of, in electric- 122, 141 

ity, 236, =- 243; in motion around Florey, Howard, 121 

atomic nucleus, 232, 316, 316; negative ering ` i48. 3 

charge of, 232, 288; transfer of, 232 eiar idi 
elements, 49, 82, 291 (table), 321; and fluids, pese of moving 212 213 

atomic number, 296, 296; new, made by 214; see also force AA ES 

bombardment of atomic nuclei, 388, 390; food-gatherer, 70, 92, 92 

number of, 321, 321, 322, 388; origin of, food-making by nas plants, 150, 150 

388, 390, 391, 398; in stars, and spectrum, food-producer, 70, 92, 92 j ` 

373, 373 force, 155, 198, 212; direction changed by 
embryo of plant, 330 machine, 158, 159, 159; of friction, 180 
Enders, John, 127 181, 181, 182; of moving sioleenles, 198, 
energy; from burning fuel, 202, 206, 206, 198, 200; multiplied by madhie. 155, 

224-25; changed from one form to an- 155, 156, 156, 157, 157, 173 173, 174, 

other, 189, 189, 190, 209, 225, 236, 279- 175, 175, 185, 185, 186, 187 187; of 

80, 405: changed to heat energy, 60; steam, 200, 200, 205, 205 i 

electric, see electric energy; kinetic, see four o'clocks, heredity in, 342, 343, 343. 

kinetic energy; matter changed into, 322- 344, 360 f > c 

23, 370, 372, 387; from nuclear reactions, frequency: of light waves, 393, 394; of 

305, 308, 309; potential, see potential sound waves, 393 , 

energy; and work, 189, 189, 197, 238 friction, 180, 182; investigation into, 181 


mobile, 208, 208, 209, 209; jet. 181 
fruit flies: bombarded with X rays, 352; 


rocket, 220, 220, 221, 221 DNA code in, 334, 334; kinds of, 351, 

vironment: adaptation to, 38, 38, 39, 39; 351; mutations in, 350, 352 

changed by man, 39-41, 40, 41, 53, 91- fuel: energy from burning, 202, 206, 206. 

94, 140, 140, 151; control of, 139-41, 224-25; for rocket, 221 i 

140; dinosaurs fail to change with, 353; fulcrum, 156, 156, 157, 157, 161, 161, 163; 

effect of, on living things, 326, 326, 327, location of, 162, 162 i 

328, 329; and heredity, 329, 359; inter- fungi, 104, 105, 105 

39, 148-51, 149, 150, fusion, nuclear, 316, 368, 368, 369, 369. 
387, 398 > 


engine: auto 
212, 218, 218, 219; Hero's, 203, 203; 


en 


dependence with, 
329 
enzymes, 107 
evaporation, of gaso 
experiment, as scientific tool, 118 
explosion, 205-06, 208 


line in carburetor, 208 galaxy, defined, 381 
Galileo, 398 
galvanometer, 239, 239, 241, 241, 243 
gases: compression of, 389, 389; kinetic 
energy of, 198 
7, 88, 90, gasoline, 93, 206, 208, 209, 210; model of 
molecule of, 208 ` sila 


Fahrenheit scale, 67, 67 
fibers, new, invention of, 86, 8 


93 

filtration of water, 132, 132, 135 gear wheel, 176, 176 

fish, training of, 19, 19; nest building Geiger counter, 300, 300, 313 
by, 6 generator(s), 189 189, 2 

fission, nuclear, 294, 294, 295, 295, 296, 297, 239, 939, 240, 240, 24 ce sg! ps 238, 
298, 298, 302, 304, 316, 369 im hn 
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genes, 328, 329, 330, 332, 333, 333, 336, 
337, 360, 405; changed in fruit flies, 
350, 350, 352; and DNA code, see DNA 
code; dominant, 340, 342, 343, 344, 361, 
361; mutant, 347, 350, 352-53, 355, 356, 
357, 361; prize, see prize genes; reces- 
sive, 340, 342, 343, 344, 361, 361 

genetic code, see DNA code 

geneticist, 344 

giant stars, see stars 

gland(s): salivary, 14, 15; thyroid, 313 

glucose, 150 

goal-insight in learning, 26, 28, 30 

Goddard, Robert, 216 

gold. 80, 82, 92 

government, role of, in health, 136 

grafting, 348, 348, 349, 349 

Grahame-White, Claude, 216, 216 

gram, 169 

graphite, in nuclear reactor, 304, 304 

Gravitation, Newton’s Law of U 
397, 398 

green plants, 139, 150, 150 
guinea pigs, heredity in, 342, 342 


niversal, 


habitat, 38 


habits, 21-99. forming, 23, 23-26, 24, 25; 


practice in fixing, 33, 33, 34; study, 32- 
37, 33, 36 


halazone pills, 134 
Hale telescope, 380, 381 
Hall, Charles Martin, 48, 49, 52 
Halley’s comet, 394 
health, public, 131-37 
heat, 57; changed into chem 
60; changed into mechanical 
189; investigation into nat 
59; kinetic theory of, 63, 63 
of molecules, 61, 62, 198; from nuclear 
energy, 305, 308, 309, 308-09; from sun, 
279; and temperature, 374, 375, 376 
helium, 212; atom of, 290, 290, 368, 369, 
388; atomic nucleus of, 297, 297; atomic 
weight of, 369; fusion of hydrogen into, 
368, 369, 369, 370, 372, 387, 398; in sun, 
369, 370, 372, 387 


, 53, 55, 73 


ical energy, 


energy, 189, 
ure of, 59, 
3 as motion 
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heredity, 326, 398: and environment, 359; 
and intelligence, 360: see also DNA code; 
Mendel, Gregor; traits 

Hereford cattle, 355, 356 

Hero’s steam engine, 203, 203, 215 

Hoffman apparatus, 367, 367 

Hoover Dam, 244, 244, 245 

hornlessness (a mutant trait), 355, 356, 
356 

humus, 102, 102 

hybrid, 344, 344, 345, 350, 350 

hydra, 7-9, 8, 9 

hydrogen, 208, 366, 367, 388; 
cleus of, 297; 
fusion of nuclei 


370, 372, 387, 39 


atomic nu- 
atomic weight of, 369; 
of, 368, 368, 369, 369, 
8; in sun, 369, 370, 372, 


387; symbol for molecule of, 366; from 
electrolysis of water, 206, 321, 366, 367, 
368 


hydrogen bomb, 368, 369 
hypothesis, 119 


immunity, 126, 127 

inborn acts, 4, 6, 6-7, 
reflex acts 

inclined plane, 154, 154, 186; investigations 
into, 155, 155, 173, 173, 185, 185; wind- 
ing, 172, 172, 173, 173 

infection, 108, 110, 113, 113 

influenza, 124 

inheritance, see heredity 

insects, Cross-pollination by, 337 


insight into achieving goal, 26, 28 
instinct, 6 ' 


7, 16, 16; see also 


insulator, heat, 62, 62 
intelligence, inheritance of, 360 


interdependence, 39, 146-51 149, 150 

invertebrates, 146, 148 ' ? 

investigation, art of, 409-21 

iodine, radioactive, 313 

iron, 74, 75, 75, 76, 79, 80, 90, 93; atom 
of, 289, 289; Cast, 78; an element, 76, 
82; furnaces for making, 76, 77, 77-78, 
78; Separated from ore, 75 

iron lung, 125, 125 i 


iron ore, TL 73, 75, 77, 78 


iron oxide, 71, 77, 78, 79, 190, 321; see 
also corrosion 


isotopes, 302 


jack, force multiplied by, 156 
jet plane: engine of, 212, 218, 218, 219; 


speed of, 257 


kerosene, 218, 219 

kinetic energy, 63, 196, 197, 198, 225, 374, 
376; potential energy changed into, 208 

kinetic theory of heat, 63 

kitchen middens, 68, 68 

knee reflex, 12, 13, 13, 14, 14, 15-16 

krypton, nucleus of, 296 


larva, 85, 85 

Lavoisier, Antoine, 314 

Lawrence, E. O., 298 

lead, 73, 92 

learning (learned acts), 16, 16-18, 17; au- 
tomatic, 21; and environment changed 
by man, 39-41, 40, 41, 53, 91, 92, 94, 
140, 140, 151; goal-insight theory of, 26, 
28, 30; investigations into problems of, 
29, 29, 30, 33, 33; study habits formed 
in, 32-37, 33, 36; and theory of con- 
ditioning, 30; by trial and error, T4, 76, 
80, 92 

Leucippus, 286, 314 

lever, 156, 156, 161, 161, 163, 163; inves- 
tigations into, 157, 157, 162, 162 

lift of airplane, 212, 215 

light waves: frequency of, 393, 394; speed 
of, 257, 323 

lightning, 235, 235 

light-year, 385 

lima bean plant, 329, 329 

lines of force, 243, 243, 268, 269 

liquid oxygen, for rocket, 221 

lithium: atom of, 288, 288, 290, 290; nu- 
cleus of, 297, 297 

load, and lever, 161, 161, 162, 162, 163 

locomotive, steam, 201 

longhorned cattle, 347, 347 

Lunar Orbital Rendezvous, 221, 222 


machines: compound, 177; and energy, 
189-90; speed multiplied by, 158; simple, 
154, 155 

magnesium, 45 

magnet, 239, 240, 240, 241, 241, 242, 243. 
243, 245: lines of force of, 243, 268 

magnetic field, 243, 243, 268, 269, 270, 270 

malachite, 72, 74, 76 

malaria, 140 

mammals, 146 

Manx cat, 355, 355 

Marconi, Guglielmo, 55, 268 

Mars: electromagnetic waves from, 276: 
orbit of, 378, 378 

mass, 322 

mass-energy, and Einstein's formula, 323 

matter: changed into energy, 322-23, 370, 
372, 387, 405: changed from one form 
to another, 190, 405; composed of par- 
ticles, 57, 60, 92, 151, 314-16, 322; force 
exerted by, 198 

measurement, 141; of distance of stars, 376, 
377, 377 

meat grinder, as compound machine, 178 

medical research, 141 

medicine dropper. 100 

Meister, Joseph, 99, 124, 127 

memorizing, best place for, 35 

Mendel, Gregor, 333, 342, 398 

mercury, 73 

Mesabi range, 78 

metabolism, 144 

metal(s): discovery of, 69, 70-71, 73; get- 
ting from compound, 72, 72; methods of 
working, 80; separated from ores, 72, 
72, 73, 74, 75; see also aluminum, iron 

metallurgy, 76, 80 

meteorite, 74 

meteorologist, 413 

meteorology, 415 

metric system, 169 

microorganism(s), 100, 139; see also bac- 
teria 

microphone, 270, 271, 271, 27: 

microscope, 100, 129, 139, 141: electron 
124, 129 l 

milk, safe to drink, 131 
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Milky Way Galaxy, 381, 384, 384, 385, 385, 
394, 397 
minerals, in soil, 102 
ining, 80 
model (es of atomic nucleus, 294, 302; of 
atoms, 287, 287, 288, 289, 289, 293, 293; 
of electric bell, 250, 251; of electric motor, 
253, 254, 255, 255; of molecules, 82, 82, 
88, 208, 208; of nuclear reactor, 306, 306; 
of steam engine, 199, 199, 200, 200; of 
telegraph, 258, 259, 259; of telephone, 
263, 263; of turbine, 201, 201 
moisture, a need of fungi, 104 
molds, 104, 108, 117, 118, 120, 121, 121, 148 
molecules, 54, 82, 94, 197; of air, 197, 198; 
models of, 82, 82, 88, 208, 208; motion 
of, 58, 58, 60, 61, 62, 198, 199, 199, 200, 
225, 374; see also DNA molecule 
Monkey (bull), 357, 357 
Montgolfier, Joseph and Jacques, 216, 216 
moon, landing capsule for, 221, 222, 222; 
surface of, 404 
Morse, Samuel F, B., 261 
Morse Code, 260, 260, 268 
moth, life history of, 85, 85 
motor, electric, see electric motor 
motor nerve cell, 14, 15 
Mount Palomar, 380, 381 
movable pulley, 167, 167, 168 
mucus, 110, 110, 111 
Muller, Hermann, 350, 352 
muscles, machines to multiply force of, 154, 
154 
mutants (genes, mutations), 347, 350, 350, 
352-53, 352, 355, 356, 357, 357, 361 


natural immunity, 126 

negative charge, 232, 288 

neptunium, 388 

nerve cell(s), 12, 12, 125; connecting, 14, 
15; motor, 14, 15; and polio virus, 125, 
125; sensory, 14, 15 

nerve endings, 14 

nerve fibers, 9, 14, 14, 15 

nerve impulse, 9, 14 

nerve net, of hydra, 9, 9 

nervous system, 12, 12 
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nest-building, 4, 4, 6, 6 

neuron, see nerve cell 

neutrons, 288, 289, 289, 290, 290, 291 (ta- 
ble), 292, 294, 316, 322; used for split- 
ting nuclei of atoms, 295, 295, 297, 302, 
304, 310 

Newton, Isaac, 54, 218, 224, 228, 397, 
398 

nitrogen: atom of, 289, 289; atomic number 
of, 296; and bacteria in soil, 108 

Nobel prize, 12], 352 

North Star, 395, 397, 397 

nova, 387, 387, 388, 398 

nuclear accelerator, 298, 299 

nuclear aircraft carrier, 310, 311 

nuclear bomb, 312, 368, 369 

nuclear energy, 305, 308-1] 

nuclear fission, 294, 294, 295, 295, 296, 297, 
298, 298, 302, 303, 304, 316, 369 

nuclear fusion, 316, 368, 369, 387, 398 

a power plant, 308-09, 308-09, 310 
10 


> 


nuclear reaction, 302-06, 303, 368, 368; 
mass-energy remains same in, 322-23; see 
also nuclear fission, nuclear fusion 

nuclear reactor, 303-06, 304, 305, 308, 310, 

311, 312; building, 303-06: model of, 
306, 306; see also atomic pile 

nuclear submarine, 310, 311, 311 

nucleus of atom, 232, 280, 288, 288, 292, 

316, 316; radioactive, medical uses of, 

312, 312-13; splitting, 294, 294-99, 295 

297, 298; unstable, 299 ' 


nylon, 88, 89, 93; molecule of, 88 


>, 


observation, in science, 141, 151 
Oersted, Hans, 268 i 
orange, seedless, 346, 
organism(s), 100 

uct of heredit 
Ovary, in flow 
Oxygen: in al 


347, 348 

; changes in, 361; as prod- 
y and environment, 359 
ering plant, 330 


aluminum oxide, 49; atom of, 
289, 289; in carbon dioxide, 206, 208; in 
chemical reaction i 


n green plant, 150; in 
» 79; symbol for mole- 

m water, 206, 208, 321, 
366, 367, 368 ane 


S 


particles, atomic, 287, 287, 288, 315-16 

Pasteur, Louis, 54, 99, 127, 141 

pasteurized milk, 131 

pathogenic bacteria, 137 

Pavlov, Ivan, 18 

payload, of rocket, 220 

pea plants, heredity in, 332, 333, 333, 336, 
336, 337, 340, 340, 342, 342 

penicillin, 120, 121 

Penicillium, 118, 119, 120 

photosynthesis, see food making in green 
plants 

physical change, 210 

physicist, 94 

picture tube, television, 275 

pistil, 330, 332 

piston, 200, 200, 201, 209 

pitch of sound, 392-93, 393 

pith balls, 236, 238, 238 

planets, life on other, 277 

plants: adapted to environment, 38, 38; 
carbon dioxide for, 150; classifying, 147, 
148; cross-pollination of, see cross-pol- 
lination; flowering, 148, 330, 330, 332, 
336, 336, 337, 337, 338, 338, 339, 339, 
340, 340, 342, 342; green, 139, 150, 150; 
mutant, 347, 348, 349, 349, 357; nongreen, 
104; prize genes in, 358; pure, 332, 333, 
340, 344 

plastics, 82, 84 

plutonium, 388 

Polaris (North Star), 395, 397, 397 

police signals, 272 

polio, 124-25, 126, 127, 128, 136, 140 

polled cattle, 355, 356, 356 

pollen, 330, 332, 337 

pollination, 330 

positive charge, 234, 288 

potato: effect of environment on, 326, 327, 
327, 328, 328, 329; Katahdin, 357 

potato blight, 357 

potential energy, 208, 225 

practice, in fixing habit, 33, 33, 34 

pressure of moving air, 212, 213, 213, 214 

Priestley, Joseph, 314 

prism, 372 

prize genes: for hornlessness, 356; in plants, 


358; search for, 355-58; for shorthorned 
cattle, 348, 350 

propagation of plants, 347, 348 

propeller: of airplane, 212; of steamship, 
202, 202 

protons, 288, 289, 289, 290, 290, 291 (table ), 
292, 294, 322; as atomic bullets, 297, 298; 
and atomic number, 296, 296 

psychologist, 7 

pulley, 158, 165; fixed, 158, 159, 159, 166, 
166; movable, 167, 167; uses of, 165, 
165, 166, 166, 167, 167 

pupa, 85, 86 

pure plant, 332, 333, 337, 340, 344 

pure science, 55 


pyramid of life, 149, 149, 150 
quarantine, 140 


rabies, 99, 124, 127 

radio (radio waves), 268, 270; lives saved 
by, 272; reception of, 271-72; transmis- 
sion of, 270-71, 272, 273 

radio telephone, 272 

radio telescope, 381 

radioactivity, 287, 312, 313; investigation 
into detection of, 300, 300 

radium, 286-87, 297, 299, 312, 315 

ramp, as inclined plane, 172, 172 

rats, care of young by, 9 

rayon, 87, 87, 93 

reaction, 218, 220, 225; see also chemical 
reaction; nuclear reaction 

reactor, nuclear, see nuclear reactor 

receiver, telephone, 261, 262, 264, 264, 265, 
265, 266 

recessive trait, 333, 340 

red shift, 394, 394 

reflex acts, 4, 16, 16; complex, 6; condi- 
tioned, 18; investigation into, 13, 13; see 
also inborn acts; learning (learned acts) 

reflex arc, 14, 14, 15 

relay stations, in space, 275-76, 276, 277 

research, 137 

reservoir, 131, 131, 133 

response to stimulus, 8, 12, 13, 23 

reward, in learned act, 16, 17 
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rocket engine, 220, 220, 221, 221 

rocket missile, 311 

root stock, 348 P 
t (disease), 35 

ee me 71, TT, 78, 79, 190, 321: 
see also corrosion 

Rutherford, Ernest, 287 


Sabin, Albert, 128 
saliva, 14, 110 
salivary glands, 14, 15 
Salk, Jonas, 55, 128, 141 
Salk vaccine, 128, 128 
sampling, 382, 382-83, 383, 384-85 
Santa Gertrudis bull, 357, 357 
satellites, transmitters in, 272, 275-76, 277 
science: applied, 55 (see also technology); 
environment changed through, 91, 94, 
151; laws of, 397-98; modern, birth of, 
398; pure, 55; technology in partnership 
with, 90, 91, 93, 94, 129, 151, 280 
scientists: concepts formulated by, 53, 54, 
55, 56, 64, 90, 93, 94, 148, 151; experiment 
as tool of, 118; as student, 37; measure- 
ment by, 141, 377; observation by, 141, 
151; phenomena studied by, 280; ques- 
tions asked by, 53-54; tools invented by, 
53, 54, 55 
scissors, as compound machine, 177 
scratching reflex, 16, 16 
screw, 173, 173 
screwdriver, 161 
secretion, by cells, 110 
seedlessness, 346, 347, 348 
seeds, 329, 330, 330, 332, 337 
seesaw, 161, 161 
sensory nerve cell, 14, 15 
serum, given to Meister, 127 
shorthorned cattle, 347, 348, 349 
silk, 86, 87, 88; model of molecule of, 88 
silk moth, 85, 86 
silver, 50, 51, 80, 82 
simple machine, 154, 155 
skin, as defense against bacteria, 110 
smallpox, 125, 126, 127, 136, 139, 140 
solar system, 391, 398, 399 
solid fuel, for rocket, 221 
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sound waves, 262, 262, 266, 270, 272, 392, 
392; frequency of, 393; and pitch, 392- 
93, 393; speed of, 392 

sounder bar, of telegraph, 258, 258 

space, radio transmission from, 272. IT, 
277; relay stations in, 275-76. 276, 277 

space capsule, 94, 218, 218, 220, 221, 268, 
268 

spacesuit, 94, 94 

spark plug, 208, 209, 218 

spectroscope, 369, 372, 372, 378, 393 

spectrum, 372, 373, 373, 393, 394 

speed, machine to multiply, 158, 159 

sperm cell, in pollen grain, 330 

spider web 6, 6, 7 

spinal cord, 12, 12, 14. 14 

spirilla, 102, 102 

spores, 105, 105, 108 

S-R bond, 18, 22 

Stages of rocket, 220, 221 

Stainless steel, 79 

stamen, 330, 332 

Staphylococcus, 113 

starch, 107 


stars: colors of, 373, 373, 378; dark, 374; 
giant, 378; heat of, 376; motions of, 392, 
393, 394, 394, 395, 397; 


nuclear fusion 
in, 387, 398; nur 


nber of, 380-81, 381, 384, 

385; Photographs of, 384, 394; sampling 

as method of counting, 384, 384-85; 
sizes of, 376, 378, 378; spectra of, 373, 
373; temperatures of, 373, 373, 376, 378; 
see also nova; supernova 

static electricity, 234-35 

steam, 200, 205, 210 


steam engine, 200, 200, 201, 202; Hero’s, 
203, 203, 218; toy, 199, 199, 200, 200 

steam pressure, 200, 200, 205, 205 

steamship, turbine of, 202, 202 

steel, 76, T7, 78, 79, 80; stainless, 79 

steer, longhorned, 347, 347 i 

stimulus, 8, 12, 13, 14 
with, 16, 16, 1 

streptomycin, 121 

study 


habits, formation of, 3. 
subato 


mic Particles, 315 
submarine, nuclear, 310, 311, 311 


2-37, 33, 36 


sun, 365, 378, 378, 394: diameter of, 376, 
387; distance from Earth, 279, 369, 370, 
372, 376, 378; as energy source, 149, 150, 
279, 279, 366, 369, 370, 378: helium in, 
369, 370, 372. 387: hydrogen in, 369, 
370, 372. 387; nuclear fusion in, 369, 

370, 372, 387: plants and animals de- 
cma on, 149, 150, 370, 378; tem- 
perature at surface of, 372, 373, 378; 
volume of, 387 

sunlight. effect on plants, 329 

388, 388, 390, 39S 

switches, electric, 248, 248 

synthetic fibers, 86, 87, SS. 90, 93 


supernova, 


technology, 55, 90, 92; environment 
changed through, 91-94, 151; science in 
partnership with, 90. 91, 93, 94, 129, 
151, 280 

telegraph, 2 a 258, 258; invention of, 261; 
model of, 
261 

telegraph key, 258, 258, 259, 259 

telephone, 261, 261, 264, 264, 266, 266; ex- 
planation of, 262, 264, 266; investigation 
into, 265, 265; model of, 263. 263; parts 
of, 261, 262, 264, 264, 266. 266; radio, 
272; special long-distance, 261. 261 

telescope: Hale, 380, 381; radio, 381 

television (television waves), 272, 273, 
275, 276, 279: color, £ reception of, 
274: transmission of, 273, 273, 274, 275, 
275, 276 

television camera, 274 

Telstar, 275 

temperature: expansion resulting from, 61: 
and heat, 374, 375, 376; as need for 
growth of fungi, 102; and spectrum, 
373, 373; of stars, 372, 373, 373 

tentacles, of hydra, 8, 8 

textiles, 86-88 

theory, 18 

threads on screw, 173, 173 

thrust of rocket, 221 

thunderstorm, 235 

thyroid gland, 313 

tin, 76, 80, 81 


258, 259, 259; use of, 260, 260,. 


tomato plant, “wilt” in, 357. 357, 35S 

tools: invention of, 53, 54, 55, 69, 70: and 
new fibers, S4, 86, ST: 
68, 6S-70, 69, 70 

traits: blending, 342, 342-46, 344; and 
DNA code, 328, 333, 


and new metals. 


334; dominant., 


333, 340. ey and environment, 329; in- 
heritance of, 326, 332-34, 334, 359, 360: 


recessive, a 340 
transmitter: radio, 271, 272: 

261, 262, 264, 264, 265, 265, 

271; television, 273, 273, 274 
trial and error, 7-4, 76. S0, 92 
tuberculosis, 121, 131, 137, 139 
turbine, 189, 189, 201, 202, 202, 242, 242, 

244, 308, 309, 310; model of, 201, 201 
typhoid, 126, 131, 137, 139 


telephone, 


266, 266, 


Universal Law of Gravitation, Newton's, 
397, 398 

universe: expanding, 394; vastness of, 395 

unlearned acts. see inborn acts; reflex acts 

uranium, 287, 291 (table), 299, 310, 369: 
nucleus of, 295, 295, 296, 299, 299, 302, 
308 

uranium-235, 304 

uranium-235, 304 


vaccination, 126, 136, 140 

vaccine, 127; against polio, 128, 128 
vacuum, as insulator, 62 

vegetative propagation, 332 
vertebrae, 146 
vertebrates, 146 
viruses, 124, 124, 125, 


129 (table), 141 


125, 126, 127, 128) 


Waksman, Selman, 121 

water: formula for, 206, 208, 210, 366, 367: 
purification of, 131-37, 132, 134, 137, 140 

watershed, 133 

Watt. James, 205 

weather, 415-19 

wedge, 174, 174 

well, 133, 135, 135 

Wheel and axle, 158, 158; examples of. 175 
175, 176. 176; see also gears , 
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white blood cells, 113, 113, 114, 114, 126 Wright, Wilbur and Orville, 216 
Whitney, Eli, 86 
Wilson cloud chamber, 315, 315 
wilt disease, 357, 357, 358 
wing of airplane, 214, 214, 215 Yankee Atomic Electric Power Plant, 308, 
wire, for telephone message, 261, 262 308 
work, 183-84, 190, 198, 238, 252; and en- yeast, 144 

ergy, 189, 189, 197, 238 


X rays, genetic code changed by, 352 
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